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ABSTRACT
An electroencephalographic (EEG) protocol was used to examine cerebral 
activity in the moments preceeding self paced motor performance. Throughout 
the series of investigations, power in the alpha waveband (8-13 Hz) was used as 
the dependant variable.
In the first investigation, subjects completed a variety of stereotyped ‘left 
and right brain' tasks. These tasks induced a relaible and predictable pattern of 
lateralised activity. Furthermore, tasks catagorised as ‘right brain’ were shown to 
induce a more consistent effect.
In the second investigation, expert Karate athletes performed a number of 
Karate specifictasks together with a skill acquisition and cognitive task condition. 
Significant increases in alpha band power, mediated by task difficulty, were found 
to be associated with one category of task.
In the third study, subjects completed a series of novel tasks, designed to 
systematically vary the effort and accuracy demands. A significant decrease in 
alpha band power was shown to be associated with preparation for the asymmet­
rical high effort task, namely a leg extension against resistance. Outcome of the 
high accuracy condition was found to significantly mediate alpha band power 
immediatly prior to performance.
In the final investigation, the alpha band powers of cricketers, non-cricketing 
sportsmen and non-sportsmen were compared as they performed a variety of 
Cricket related, throwing tasks. Significant differences were detected between 
the different groups and between the different tasks. Once again, success was 
found to mediate the pattern of alpha band power.
It was concluded that the effects observed were probably due to changes 
in the Rolandic Wicket or Mu rhythm generated in the central and pre-central 
regions.
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1. INTRODUCTION
1.1 Introduction to the Topic
The classic paper by Hatfield and Landers (1983) “Psychophysiology, a 
new direction for sport psychology”, was a recognition of the great potential 
offered by this sub-discipline of Psychology. Psychophysiology, defined as “a 
body of knowledge concerned with the i nference of psychological processes and 
emotional states from an examination of physiological measures” (Sternbach, 
1966), may provide an objective and relatively non-invasive method of examin­
ing the complex processes involved in sport performance as they take place. The 
attraction of such an ecologically valid technique over the more usual self report 
approach is obvious. However the interpretation of the physiological signals, 
mentioned in the definition, is the crucial consideration here. Accurate and 
meaningful conclusions require a rigorous appreciation and application of the 
theories underpinning the techniques used. Sadly this has not always been the 
case in sport related studies.
Within mainstream Psychophysiology, the use of electroencephalographic 
techniques to examine cerebral activity is a popular technique and displays an 
unabated growth rate (Beaumont, 1987). Many such studies have focussed on 
the hemisphericity of activity, demonstrating (it is claimed) the superiority of the 
right hemisphere for a wide variety of tasks. Starting in the seventies, what 
Goleman described as “the fad of the year” (Goleman, 1977, p.89), attracted a 
great deal of research interest and the notion of right brain superiority is now 
firmly entrenched in the public consciousness. This is certainly true in sport 
where new coaching initiatives and techniques for performance enhancement 
are often based on the hemisphericity premise. Such an idea is very attractive 
and intuitively appealing to sportsmen but is it correct?
1.2 Purpose of the Study
In the light of the interest and obvious importance of the topic this study was 
designed to examine the pattern of cerebral activity by means of background 
EEG in a variety of sporting and physical tasks. The need for care in the 
interpretation of the results was immediately apparent, hence the requirement 
that such findings must be placed within a genuine and justifiable theoretical 
perspective. The starting point forthe investigation was to be the most recent and 
apparently rigorous studies in the sporting area which, it became apparent, were 
firmly based in the latéralisation of function camp.
2. REVIEW OF THE LITERATURE
2.1 Assessment of Cerebral Function by Regional EEG
The Electroencephalogram (EEG) is a recording of the sum of brain cell 
micro-potentials, which is usually recorded externally from the surface of the 
skull. After some thirty years study, Berger published his first findings in this area 
which were based on the identification of two major rhythms. The first to be 
discovered, the ‘alpha rhythm', a regular waveform at about 10 Hertz, was 
distinguished from the faster, less regular ‘beta rhythm' which was associated 
with active processing. Since then, other means of examining cerebral activity 
have been developed. Some investigators measure regional blood flow in the 
cerebrum (e.g. Ingvar, Sjoland and Ardo, 1976) but the EEG, although a 
demanding technique in terms of both technical equipment and interpretative 
expertise, is established in the literature as the most common and widely 
accepted protocol. EEG is routinely used to examine brain maturation (Dummer- 
muth, 1976), sleep (Rechtschaffen and Kales, 1968) and to screen patients for 
clinical abnormalities (Klass and Daly, 1979).
The EEG has also been widely and increasingly used as a researôh tool in 
investigations of the patterning of cerebral activity. A particularly common 
application is the examination of asymmetry of cerebral function, a topic which 
has exceeded the expectations of early researchers (e.g. Goleman, 1977) to 
become a very common topic within current journals (Beaumont, 1987)
Asymmetry of cerebral function, taken by some to reflect differences in 
processing style of the two hemispheres, (e.g. Hugdahl and Franzon, 1985; De 
Pascalis and Palumbo, 1986) is an area which, at first sight, seems to offer a 
unique opportunity for objective examination of cognition. Most EEG based 
investigations (e.g. Davidson, Schaffer and Saron, 1985) have relied on a 
quantitative assessment of activity in each hemisphere and this concept of ‘Left 
Brain-Right Brain’ (Springer and Deutsch, 1981 ) has attracted interest at various
levels on topics relevant to both mainstream and sport Psychology. Empirical 
investigations have examined the relationship between latéralisation of cerebral 
function and a variety of constructs including emotion (Campbell, 1982), anxiety 
(Tucker, 1981), attention (Lacey and Lacey, 1970), skill acquisition (Marsh, 
1978), dual task performance, (Galluscio, Harkins, Lyons and Mead, 1986) and 
athletic ability (Rossi and Zani, 1986). More popularist authors have used the 
concept to account for individual differences in choice of/suitability for sport (e.g. 
Griffin, 1987), the effectiveness of different mental strategies (Gallwey, 1974) 
and the design of left and right brain schemes to enhance performance (Syerand 
Connolly, 1984).
The vast majority of these studies have used an assessment of the quantity 
or ‘power’ of the total activity in each of the four main frequency bands, namely 
delta (below 4 Hz), theta (4-below 8 Hz), alpha (8-13 Hz inclusive) and beta (13 
Hz upwards-usually to a top limit of 30 Hz). This approach contrasts with the 
purely visual inspection of the raw EEG waveform as it is recorded at various sites 
on the head. The later is mostly used in a clinical setting and obviously requires 
a highly trained and experienced eye. For this reason, computer based analysis 
is used in most of the empirical studies. The raw signal can be ‘broken down’ into 
its component parts by use of a mathematical algorithm, the Fast Fourier 
Transform (FFT) and the resulting powers used as the basis for further analysis. 
Other ways of descriptively breaking down the signal have been devised 
(e.g.Hjorth, 1970) butthe FFT technique, pioneered by Doyle, Ornstein and Galin 
(1974), is the method utilised by this series of investigations.
The technique Is usually based on examination of alpha frequency power, 
sometimes in the form of a ratio providing a relative comparison of the dominance 
of right and left brain activity and has been used by a number of researchers (e.g. 
Ulrich and Frick, 1985). High quantity of alpha is taken to indicate an absence of 
active processing and hence this method purports to provide a direct index of
cognitive activity. This technique of ‘bipolar recording’ is common in EEG 
research. The results obtained from each pair of electrodes reflects differences 
in activity between the two sites. The use of the same site in every pairing (Gz) 
as a common reference enables a comparison to be made between, as in these 
investigations, the left and right sides (e.g. T3 and T4). Hemispheric differences 
will result in significant site effects or interactions.
It should be noted that reviews of research (Donchin, Kutas and McCarthy, 
1976; Beaumont, 1983; Harris, 1988) in this area have suggested that the left 
versus right dichotomy is a gross over-simplification. Indeed, the detection of 
differences in hemispheric activity may be complicated by artifactual, anatomical 
and procedural factors, all of which must be considered in the design and 
discussion of studies. In many cases contradictory findings and methodological 
shortcomings have added to problems of interpretation in this complex effect. A 
typical example is provided by the work of Martin (1979) and Sergent (1982) who, 
using a similar protocol, found a hemispheric difference in the identification of 
large and small shapes (viz. right best for large, left best for small). However, 
attempted replications by Alivisatos and Wilding (1982) and Boles (1984) failed 
to demonstrate what was apparently a straightforward, consistent difference. 
Indeed the latter investigation suggested differences in the opposite direction. 
However, whilst methodological weaknesses may account for a large proportion 
of these results, several researchers, notably Kosslyn (1987) and his co-workers, 
suggest that this variability is an important finding in its own right. Kosslyn 
ascribes many of the differences between studies to subject variance but 
variance which can be identified and utilised. In a part replication of earlier 
latéralisation studies for example, Kosslyn, Barrett, Gave and Tang (1986) 
showed that right handers displayed strong lateralised results on a simple 
tachistoscopic identification task whilst left handed or ambidextrous subjects 
showed no such differences. The other factor which emerges from Kosslyn's
6work is the need for a consideration, based on sound theory, of the exact 
demands which tasks make of the subjects and the ways in which they attempt 
to meet these demands. The intra-individual differences which are a feature of 
studies in this area may reflect variations in the selection of ‘cognitive subsys­
tems’ to perform the task. Implicit in this suggestion is the need for studies which 
attempt to identify why certain subsystems are used. The present series of 
studies, which systematically varied certain features of task and subject charac­
teristics, were designed to fulfil this requirement.
2.2 Use of the Alpha Rhythm in Movement Related Studies
The alpha rhythm was seen originally as a simple, total brain indicator of a 
relatively quiescent state-a ‘tick over’ rhythm which, it was hoped, would provide 
‘a window on the mind’ (Berger, 1939). Power in the alpha band is supposedly 
decreased or attenuated by the nature and difficulty of tasks (Doyle, Ornstein and 
Galin, 1974; De Pascalis and Palumbo, 1986) in a consistent way (Ehrlichman 
and Wiener, 1979; Amochaev and Salamy, 1979). Its’ measurement and inter­
pretation is difficult (Beaumont, 1983) but its importance is such that a vast 
number of studies have utilised it as a dependent measure. Advances in technical 
equipment have solved some of the difficulties (e.g. Winter, 1985) but the true 
complexity and multi-dimensional nature of 8-13 Hz activity and its’ relationship 
to cortical activation has now been recognised (Lehmann, 1971 ). This is shown 
well by the study on EEG correlates of asymmetry completed by Gevins, Zeitlin, 
Doyle, Yingling, Schaffer, Callaway and Yaeger (1979) who had subjects 
complete a wide variety of tasks. In many cases (e.g. mental arithmetic, reading), 
performing the tasks increased alpha power, a finding totally at odds with the 
overall low activation interpretation. All the motor tasks in this study however 
reduced alpha power, a finding which Yingling (1980) argued is inevitable owing 
to the greater cerebral involvement necessary for bodily control; the greater
involvement leads to more ‘global’ changes which are easier to detect by EEG 
(and clearer to interpret). This has been shown by many studies and means that 
motor tasks are very suitable for studies of hemisphericity. Rebert (1978) for 
example, showed that playing a video tennis game (Pong!) resulted in greater 
central and temporal alpha asymmetry than simply watching the game.
More recent studies, which have utilised non-motor tasks, have continued 
to challenge the previously accepted simple relationship between alpha power 
and cortical activation. Ray and Cole (1985) found that alpha activity, particularly 
in the parietal and temporal sites, was related to attentional demands. Tasks 
requiring little attention to the environment such as mental arithmetic displayed 
little change in alpha power. Tasks which required attention to an external 
stimulus, in this case a screen, demonstrated significant attenuation of alpha 
during processing. Beta activity was found to be sensitive, in terms of hemi­
spheric involvement, to the nature of the task. Cognitive demands were related 
to beta power changes at the parietal sites whilst the emotional content (positive 
or negative) was reflected by changes at the temporal sites. This investigation, 
which used a linked ear reference, did not however address the balance of task 
requirements in any way. Cognitive strategies utilised by subjects may therefore 
have been highly variable and were certainly unpredictable. These findings were 
both clarified and challenged by Klimesch, Pfurtscheller, Schimke and Mohl 
(1989) who examined the effects of semantic and classification task performance 
on the upper (10-12Hz) and lower (8-10 Hz) alpha band powers under different 
expectancy conditions. Significant interactions related to the warning associated 
with stimulus presentation and expectancy showed that the lower band was 
sensitive to attentional processes whilst the upper band was the best indicator of 
cortical involvement. These studies do demonstrate the need for control of 
attentional factors in any EEG study of cerebral activity. The advantages inherent 
in using intact, real life tasks have already been highlighted and balancing such
factors was an important concern in the design of the present investigation. In a 
similar way, the work of Gevins and his associates (Gevins et ai, 1983) means 
that investigations in this area must also control for the motor demand of tasks. 
In a series of studies, they found that task induced hemispheric differences were 
negated when efferent and motor factors were controlled. Although later chal­
lenge/clarification was provided by Butler and Glass (1985), differences in motor 
demand must still be considered in discussion of any significant results. These 
findings, together with critical/tutorial reviews (Donchin, Kutas and McCarthy, 
1977; Beaumont, 1983) provide an effective check-list or quality control for 
studies in this area. The present investigation was therefore designed to satisfy 
as many of these criteria as possible.
2.3 Motor Skills, Alpha Activity and Cerebral Function
Several researchers have pointed to the relationship between alpha activity 
and motor tasks. Although a review by Gastaut (1974) highlighted the controver­
sies in this area, more recent work has produced more definite results. This is 
perhaps due to the recognition of subject motivation and activation as a 
significant mediator in such cases. The existence of such a link has wide 
implications for sport since many such activities require gross rhythmic move­
ment. Sologub (1976) for example, described the marked EEG alpha rhythms of 
sportsmen involved in steady running. An examination of EEG activity during a 
tapping task (Pogelt and Roth, 1982) demonstrated a link between alpha rhythms 
(and other slower rhythms) and performance. They showed that such relation­
ships were not confined to familiar, overlearned tasks but could emerge in the 
case of very simple tasks as well. The alpha rhythm appears to serve a pace 
making role in the control of such movements. This timekeeping function had 
been suggested much earlier by Lansing (1957) who demonstrated that, in 
reaction tasks, reaction time was correlated with the alpha phase in which the
stimulus was given. Differences in alpha power during pursuit rotor performance 
we re-also seen as the neurophysiological basis for differences in the learning 
ability of pre-adolescent boys (Douglass, 1978).
More recently both laboratory and in-flight studies have attempted to utilise 
EEG monitoring as a means to examine the CNS activity of pilots. In a typical 
project, Schummer (1987) monitored sensorimotor and occipital-parietal activity 
during flight simulator performance. Competent performance was associated 
with significant increases in 8-11 Hz amplitude at 01 -05. This positive trend was 
attenuated during poor performance. Temporal modulation of this activity also 
reflected differences in performance for six of the ten subjects. Such changes 
possibly reflect the additional cortical activity induced by the need for rapid 
changes and the panic induced thereby!
Changes in alpha activity have also been associated by some researchers 
with neurological changes which occur as skills are learned. In a typical study, 
Buchegger and Meier-Koll (1988) found that acquisition of novel trampolining 
skills was associated with changes in sleep pattern, particularly increases in the 
period and duration of REM and slow wave sleep. Gioux, Arne, Paty and Bensch 
(1982) detected similar changes in awake subjects.
Many studies which have examined 8-13 Hz activity may have misused the 
label ‘alpha rhythm'. Kuhlman (1980) distinguished between true alpha, which 
originates in the visual cortex and is attenuated or ‘blocked’ by opening the eyes 
and the Rolandic wicket or Mu rhythm which is greatest in the central and parietal 
areas and is blocked by movement. Kuhlman’s work showed that the two 
waveforms are distinct and emenate from separate areas. This led him to view 
the alpha rhythm as ‘a visual alpha rhythm’ and mu as a ‘somatosensory alpha 
rhythm’, an idea advanced by Chase (1974) based on his work on cats.
Investigations utilising alpha band power to examine cerebral activity in 
movement related tasks may appear difficult because of a number of factors
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relating to mu. Early studies found that mu was a rare occurrence (Schell and 
Klass, 1966) and despite claims to the contrary, Schoppenhorst, Brauer, Freund 
and St. Kubicki (1980) insist that if alpha is projected forwards and recorded 
superimposed on mu that the two cannot be distinguished by visual means. 
These difficulties do not however, seem too serious. Pfurtscheller and Aranibar 
(1980) in a study of alpha band attenuation prior to movement, which they called 
Event Related Desyncronisation (ERD), detected mu in over 90% of their 
subjects. Detection problems in earlier work were seen as due to the use of 
clinical populations; decreased mu is a symptom of epilepsy for example. Their 
study demonstrated a clear phasic power decrease or ERD which occurred one 
second before a self paced bulb squeezing task. This finding matched earlier 
studies which had pointed to the functional specificity of rolandic areas in humans 
(Jasper and Penfield, 1949; Gastaut, 1952). A similar result was obtained by 
Deecke (1980) who obtained clear attenuation of pre-central alpha in a finger 
extension task. Additionally, he found that this blocking was more pronounced in 
the extension condition than flexion. This, he hypothesised, was due to the 
greater cortical activation required for that movement. Finally, in a study which 
contrasted a resting and button pushing condition, Pocock (1980) obtained the 
same attenuation effect and showed that the spread of this signal from its’ local 
generators, the ‘travelling phenomenon’ (Cooperand Mundy-Castle, 1960), was 
more rapid in the active condition. Under certain conditions, the movement 
related ERD may also be independent of the hemispheric differences which 
regional specialisation would predict. Pocock also propounded the idea of a 
‘motor alpha rhythm' and showed that localised attenuation of motor strip 8-13 
Hz. activity was greatest as movement started. Coupling EVP and background 
EEG in this way yielded interesting information about the inter-relationship 
between the two measures. It also raises the question as to whether significant 
background changes occur earlier in movement preparation-an area which the
11
present study was designed to examine.
In a study of alpha changes associated with left or right hand movements, 
Oiivan, Arrigain, Espino and Oliveros (1984) found that movements could not be 
differentiated on the basis of changes in hemispheric power. In fact, both 
movements induced an overall power decrease which was greatest in the central 
area. Kiedal, Tirsch and Popp (1989) examined differences in central activity and 
coherence (C3 & C4) between a long duration isometric forearm contraction and 
a non-movement control. Coherence, which in this case is an indicator of the 
function related coupling strength, increased in the isometric condition and 
covaried with the stepwise voluntary increment in contraction and the duration of 
a sub-maximal held contraction. Keidel et al. suggested that this relationship was 
due to the subject’s reported awareness of the effort and will necessary for 
success.
The contralateral control phenomenon is however apparent in preparation 
for small motor movements. Recent work by Pfurtscheller and Berghold (1989) 
showed that the first significant movement related ERD was detected approxi­
mately 1.75 seconds prior to movement and was most prominent in the con­
tralateral hemisphere. This finding is supported by the earlier work of Brunia and 
Damen (1988) who found a similar effect on readiness potentials prior to a single 
finger, button pushing task. The magnitude and hence the processing demand 
of the movement seems therefore to be a mediator of the hemisphericity of 
movement related ERD.
From the range of studies reported, the use of mu/pre-central alpha as a 
means of examining cerebral activity associated with motor tasks seems well 
founded. It should be noted that this activity is also sometimes attenuated just 
prior to movement, perhaps in anticipation of movement induced feedback, so 
that modifications can be made more rapidly (Chatrian, 1976).
The mu rhythm in humans has been compared by several researchers to
12
the Sensory Motor Rhythm (SMR) described in animal studies, particularly on the 
cat (Sterman, Wyrwicka and Roth, 1969). SMR is also blocked by movement and 
high power is associated with conscious inhibition of movement. Biofeedback to 
increase SMR has been used in humans in an attempt to aid the control of 
epileptic seizures (Sterman, 1973; Seifert and Lubar, 1975). In a recent television 
broadcast, this was used by Fenwick to explain the recovery of a young epileptic 
due apparently to long term intensive training in weight lifting (Fenwick, 1989).
2.4 Previous Research on Sport and Preparation for Skilled Motor 
Performance
In the case of self paced motor tasks, the vast majority of research has 
utilised an EVP protocol (Papakostopoulos, 1978a). In sport however, several 
studies have suggested a relationship between background alpha frequency 
activity and performance. The idea that alpha production is associated with 
pleasant feelings was examined in a sporting context by Boutcher and Landers 
(1988) who found that central and occipital alpha band power was increased by 
a programme of vigorous exercise. Since this effect was more marked in 
experienced runners, Boutcher and Landers suggested that the power increase 
was linked to the self reported 'runner's high’. Case study work by Beausey (cited 
in Pullem, 1977) indicated a direct linear relationship between alpha activity and 
shooting accuracy. Assuming alpha activity to be a reliable indicator of mental 
arousal, Beausey also suggested that a similar activity/performance relationship 
would exist in other sports. This relationship was examined empirically by 
Hatfield, Landers and Ray (1984) who used a four site, commonly referenced 
montage to monitor the pattern and latéralisation of cerebral activity prior to a 
shooting task. Subjects, who were all international calibre marksmen, exhibited 
a significant increase in temporal and occipital alpha in the left hemisphere whilst 
right hemisphere power stayed constant. This shift to right brain processing was
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greater than that induced by pre-validated right brain tasks. Another study used 
an identical procedure to examine left handed marksmen and demonstrated the 
same effect (Daniels and Landers, 1983). A similar shift had also been revealed 
by an earlier similar study on preparation for Basketball set shooting (Landers, 
Hatfield, McGovern and Tooman, 1980). These results have also been repro­
duced in various case studies of target sports (e.g. Bird, 1987). Unfortunately, 
none of these studies addressed sufficient attention to the identification, quanti­
fication or even control of possible sources of artifact. In all cases, low pass 
filtering at 30 Hz was assumed to be an effective controller of muscle artifact. 
Given the advice apparent in the EEG literature and the findings on the possible 
spread of such artifact presented in chapter three, the results of these studies 
must be regarded with some caution although they represent the only sound 
attempts at EEG related study in the sport psychological area to date. More 
recent studies from this group (e.g. Boutcher and Landers, 1990) have utilised 
some more elaborate procedures, like EOG, to control artifact but as reviewers 
comments on submitted papers have demonstrated, 30 Hz. filtering is still seen 
as a panacea for all ills!
2.5 Basic Research Questions
If ERD is taken to provide an indication of the scale or nature of preparation 
for motor performance, examination of such changes may hold great implications 
for sport psychology. This examination may also yield results which are inde­
pendent of, or at least not dependent on, hemispheric differences. The work of 
Keidel et al. (1989) suggested that, under high demand, the brain may shift from 
parallel to central processing mode. This would become apparent if hemispheric 
effects were to disappear or, at least, be overshadowed by total (i.e. non- 
lateralised) effects. In view of the complex nature of ERD revealed to date, 
examination of reaily demanding, high invoivement tasks may help to clarify the
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picture. Indeed, if complex task performance is dependant on certain high level 
processing subsystems (Kosslyn, 1987) a hemispheric specialisation protocol 
may advance knowledge on the localisation of such subsystems, albeit that such 
systems are sited in both hemispheres. Consideration of subject attributes may 
also help to tease out the usage of certain subsystems by particuiar groups and 
hence furnish a indication of why and in what way these subsystems are selected.
Examinations of cerebral activity immediately prior to motor performance 
have to date been mostly confined to small scale movements in which subject 
invoivement must be questionable. Since motivation is obviously a mediating 
factor in cerebral involvement, studies which utiiise intact, ecologically valid tasks 
iike shooting (Hatfield et al, 1984) must be considered as potentially more 
valuable.
This investigation therefore, set out to examine phasic changes in cerebral 
activity in intact, gross motor tasks. Consequent problems with artifact and slight 
artificiality in the task environment were accepted although procedures obviously 
aimed to minimise this. Basic research questions were as follows:-
1. Were hemispheric differences, presumed to be due to regional specialisation, 
apparent in the pattern of activity preceding gross motor task performance?
2. To what extent were patterns of pre-task cerebral activity affected by the 
difficulty, familiarity and nature of the task?
3. Was there a discernable, consistent pattern of activity, associated with 
difficulty, familiarity and nature, which was indicative of the engagement of a 
certain cognitive subsystem in that catagory of task/subject?
4. Were EEG detected changes in cerebral activity due to variations in actual 
alpha or other rhythms like mu?
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5. What relationship, if any, exists between cerebral activity and self reported 
cognitive activity?
6. What are the implications, if any, for preparative strategies for skilled motor 
performance?
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3. TECHNICAL AND METHODOLOGICAL CONCERNS: 
ENSURING THE VALIDITY OF THE DATA
3.1 Electrodes
The crucial concern with respect to eiectrodes in any psychophysiologicai 
recording is to provide a low impedance connection which will transfer the 
biopotential with the absolute minimum of disruption to the signal. In achieving 
this essential aim both the type and placement of electrodes will influence results.
3.1.1 Type
Any electrode will act as both a resistor and a capacitor and both the material 
and size of the electrode must be considered to provide the optimum combina­
tion. Material wise, silver-silverchloride electrodes are commonly used since this 
material has been shown to result in the smallest potential difference between 
pairs of electrodes. Proper cleaning and storage of electrodes between runs is 
also effective in reducing the problem. This polarisation, which increases with 
time, is also influenced by the size of the electrode; larger electrodes result in 
lower resistance but greater capacitance so, provided that impedance is at a 
satisfactory level, the smallest diameter are used. Size is aiso important in 
facilitating the exact location of the signal; a larger electrode collects signals from 
a larger area. So once again, particularly for EEG work, small electrodes are 
used. Finally, it must be noted that the silver-silverchloride electrodes which are 
by far the most commonly used in EEG work are susceptable to pressure 
changes which may occur with skin movement. Since epochs in this investigation 
were taken in moments of stillness between movement this problem was 
assumed to be negligable but it does highlight the need to pause after movement 
before recording-an action which was employed in all cases.
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3.1.2 Placement
A variety of difficulties exist in placing electrodes over the same area of 
cortex on different subjects. These problems, highlighted by Beaumont (1983), 
mean that even carefui measuring, referenced to topographic features on the 
skull, cannot ensure that an identical section of cortex is examined by the same 
electrode site on different individuals. The international 10-20 system (Jasper, 
1958) therefore provides the ‘best of a bad job', the only alternative is to expose 
the brain-a procedure in which subject recruitment is a significant problem I Sites 
are either marked with chinograph pencils by tape measurements which use the 
nasion, inion and ear iobes or a cap, with sockets provided at all the major sites, 
is used.
3.1.3 Attatchment
The cup electrodes used in this study were filled with an electrolytic paste 
which has been shown to be the most effective method in lowering the impedance 
of the ‘system’. The other majorfactor in this area was skin preparation. Once the 
site was identified, the skin was abraided with a proprietory paste-earlier 
researchers have used glasspaper. The removal of the dead surface layer 
provided a reddish coloured spot on which the electrode was secured with 
collodianglue. This method of attachment was ideal since, given the active nature 
of the tasks used in the studies, other techniques would have permitted the 
electrode to move relative to the skin-this would have resulted in its own action 
potential. The use of cup electrodes in which the actual electrode is ‘floating' and 
contact is via the gel is another factor in minimising this movement artifact. 
Impedance was checked in all cases and was usually just below the 2,000 ohm 
mark. A secondary concern was that all the sites had roughly equivalent 
impedance levels since differences would have caused another artifactual 
potential.
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3.2 Connections and Amplification
In EEG studies, the signals are so relatively low that any source of 
contamination is a potential problem. The artifactua! signal is likely to be of a 
greater or equal magnitude to the signal of interest. The generation of minute 
signals by the relative movement of the electrode leads, discussed in study two, 
is just one example of this. To ensure the fidelity of the signal, signal conditioning 
and amplification is usually performed in a number of stages.
3.2.1 Leads and Headboxes
The first and second stages, coupling and pre-amplification were performed 
in this investigation by the headboxes which were designed specifically for EEG 
work. These headboxes also enabled an impedance check on each electrode. 
The raw signal, which is very small, is conditioned into a form acceptable to the 
electronic circuitry. Following this, the signal is given an initial boost by pre­
amplifiers before passing to the main power amplifiers, at which point the signal 
was filtered by lo pass and hi pass band filters. In these studies a wide recording 
window was used (.1-100 Hz) in accordance with recommended clinical practice 
(Binnie et al., 1982). Other workers in this area have used filters to eliminate 
(attenuate) signals outside the frequencies of interest, usually greater than 40 
Hz., which are due to muscle activity of various types. This is discussed in more 
detail in a later section. One change which would be desirable to the current 
equipment is the provision of small individual pre-amplifiers for each electrode. 
Calibration is a concern but the boost to the signal as soon as it is received, 
decreases the risk of contamination by other small signals. In technical terms the 
signal to noise ratio is improved. Cross taik between the two, four channel 
headboxes was also a problem and although earthing between the cases 
appeared to eiiminate it, a single eight channel box would be preferable.
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3.2.2 Bio-amplifiers
With respect to the main power amplification of the signal, the bio-amplifier 
used was designed to have high common mode rejection. That is the ability to 
ignore large signals which were apparent at pairs of electrodes, either the two 
active sites or between the earth and an active site. This is an important design 
criterion for such amplifiers and it provides protection against comparatively large 
signals which may exist because of bodily functions (e.g. heart beats) or large 
electrical fields at the testing site. The latter was also controlled by attention to 
various environmentai factors (e.g. flourescent tube lighting). Calibration of the 
amplifiers was checked by use of a signal generator to provide signals of known 
frequency and amplitude. The computerised data capture system utilised in this 
study also provided an ‘on line' calibration check.
3.3 Data Storage
The training and experience necessary to interpret an analogue EEG 
signal, together with convenience made the use of a computer based data 
collection and analysis system almost essential. Such systems are frequently 
used in such research but it is important that the potential weaknesses of this 
technique are understood and wherever possible countered in some way. The 
use of a computer for data storage involves the conversion of the signal to digital 
form by means of an A to D converter. This conversion is performed by sampling 
the signal in each channel at regular intervals and recording the results. The 
speed of sampling, that is the number of times in any one cycle of activity that a 
reading is taken, is the crucial consideration. If the sampling rate is too slow, the 
numbers will not accurately represent the waveform characteristics. Further­
more, too slow a sampling rate will result in an artif actual low frequency signal; 
a process known as aliasing. This artifactual signai may appear at any frequency
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up to the ‘Nyquist frequency', a figure equal to one half the sampling rate. 
Convention therefore requires a sampling rate of at least twice the maximum 
frequency of interest. Therefore, even though only the alpha frequency band was 
specifically examined, a sampling rate of 256 Hz was used since the Lo-pass filter 
was set at 100 Hz.
3.4 Data Analysis
Fast Fourier Transform (FFT) is a frequently used technique for the 
quantification and subsequent examination of the anaiogue waveform activity. 
Once again however, the ‘representation’ of the raw signai inevitably involves 
some loss of clarity and proper use of the technique must be based on an 
understanding of its limitations. These problems are related to the mathematical 
assumptions implicit within the technique itself, namely that the signal should be 
‘stationary' (maintain its statistical properties), repetitive and of infinite length. To 
try and satisfy the first assumption it is necessary to choose an epoch interval 
within which the subject’s EEG activity is not likely to change i.e. he wiil be 
engaged in one type of cognitive activity throughout the epoch. For this reason 
plus others, it is necessary to take steps which ensure the subject’s attention to 
the task set by the experimenter. Random cognitions during an epoch will violate 
the stationary signai assumption beyond the bounds of decency I At the same 
time, the epoch must be long enough to provide a reasonable picture of the 
(presumably) task induced cerbral activity. The use of two second epochs 
throughout the study seemed to provide the best compromise since longer 
recording epochs, together with the necessary ‘settling’ time after the move­
ments, would have resulted in a loss of subject’s attention. This assumption was 
in fact varified in the pilot work for study two.
The use of short epochs raises two other problems however. Firstly, the 
abrupt increase and decrease from and to zero at the start and finish of the epoch
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may introduce artifact into the resuits. The use of a cosine beii sampling window 
by the analysis software helped to counter this problem and is a procedure 
recommended in the iiterature. The second problem is related to the accuracy or 
resolution of the figures which can be achieved with short epochs. Violation of the 
infinite length assumption results in figures which are an estimate of the true 
power spectrum to an accuracy of the reciprical of epoch length. That means that 
the results of these studies are accurate to 0.5 Hertz, a percentage rate of 12.5%. 
This is a ciassic trade off situation but the chosen option seemed to represent the 
best option available. Certainly other studies in the area have used simiiar epoch 
lengths, often with no apparent knowledge of these problems.
3.5 Procedural Concerns
3.5.1 Reducing Subject Error Variance
The reviews (e.g. Beaumont, 1983) and manuals (e.g. Binnie et al., 1982) 
cited throughout this investigation highlight a number of subject characteristics 
which may influence the pattern of EEG activity. These factors were considered 
and wherever possible were catered for in the selection and preparation of 
subjects. Thorough explanations, practice trials, marked safety limits and post 
test checks were all included to avoid error variance due to anxiety. Other normal 
experimental considerations (scripts, dose attention to the timing of the proce­
dure etc.) were also catered for. Wherever possible, subjects were tested at 
similar times of day and were requested to avoid certain activities (e.g. smoking, 
caffiene, alcohol) in the time prior to testing. The largest identified source of 
subject error variance occured in study two and was associated with the wide 
range in inteiligence level and perhaps age, of the subjects. In all other studies, 
subjects were selected specifically from undergraduate populations. This error 
source was unavoidable given the special nature of the subjects in this section 
of the investigation although it probably does account for some differences
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between studies one and two as regards the performance of cognitive tasks.
3.5.2 Avoiding Muscle Artifact
Given the active nature of the tasks used in the various phases of the study, 
the consideration of potentialy confounding muscle and movement artifacts was 
crucial. In an attempt to eliminate muscle artifact from the EEG signal, some 
authors (e.g. Stern, Ray and Davis, 1980) have suggested the use of lo-pass 
filters, set at 40 Hz to eliminate the higher frequency muscle signal. The reason 
for other textbook’s réfutai of this technique is indicated well by Oken (1986) 
however, who suggests that lower harmonics and aliasing are not the primary 
probiem with muscle artifact. He suggests that muscle activity may weli inciude 
signals of identical frequency to EEG and that no routine differentiation is 
possible. Happily, he also demonstrates that this problem is lessened when 
narrower frequency bands (e.g. 8-13 Hz) are examined. Whilst this does appear 
to be an extreme position, no literature on what levels of muscle activity were 
acceptable for EEG work could be found. Accordingly it was assumed that, if 
leveis of muscle activity in the tasks was found to be similar to that recorded in 
body positions used in conventional recordings, then the signals could be taken 
as equally valid. As afurtherstep, efforts were made to identify the extentto which 
very high levels of muscle activity would contaminate higher eiectrode sites (i.e. 
Central and Parietal).
The first step of this examination was carried out on five subjects by use of 
electrodes fitted at T3, T4 and 04, all commonly referenced to Gz. The system 
utilised small ‘on site’ pre-amplifiers set at a gain of 1000 and a purpose built EMG 
isolation amplifier set at 20. Signals were conditioned by a CED 1401 software 
driven interface and filters were set at a hi-pass of 10 Hz and a low pass of 500 
Hz. Single channel printouts of the recordings made at T3 an T4, produced by a 
Techtronic Oscilloscope, are shown as figures one to eight. Mean and standard 
deviations for these are shown in table one.
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CH2: 010mV 0 5 . 499s
Figure 1 : Single subject EMG output from T3 (integrated and raw signal) 
associated with standing relaxed.
C H 2 : 010mU 0 5 . 439s
m
Figure 2: Single subject EMG output from T3 (integrated and raw signal)
associated with Karate break task performance.
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CH2: 010mV 0 5 . 089s
I
Figure 3: Single subject EMG output from T3 (integrated and raw signal) 
associated with Jump task performance.
C H 2 : 0 7 . 0 m U 0 5 .0 8 9 s
Figure 4: Single subject EMG output from T3 (integrated and raw signal)
associated with Cricket task performance.
CH2:  07 .0 m V 0 5 . 0 8 9 s
m
1 ' i
Figure 5: Single subject EMG output from T4 (integrated and raw signal) 
associated with standing relaxed.
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CH2 : 024mU 0 5 . 0 8 9 s
Figure 6: Single subject EMG output from T4 (integrated and raw signal)
associated with Karate break task performance.
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CH2:  017mU 0 4 . 879s
■rI
I ' Msf ^
Figure 7: Single subject EMG output from T4 (integrated and raw signal) 
associated with Jump task performance.
C H 2 : 010mU 0 4 , 8 7 9 s
$2îSt5b'~
p p É jl
Figure 8: Single subject EMG output from T4 (integrated and raw signal)
associated with Cricket task performance.
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T3 T4
Mean S.D. Mean S.D
Standing 10 2.3 9.6 2.0
Karate 12.2 2.4 17.3 2.4
(Study 2)
Jump 10 3.1 14.0 3.0
(Study 3)
Throw 8.4 2.8 9.8 3.3
(Study 4)
Table 1 : Mean and Standard Deviations of EMG detected
activity associated with the final epoch of 
task performance (in microvolts).
Although obtained by visual interpretation of polygraph data, these figures 
suggest that levels of muscle activity, at least as detected at the temporal sites, 
were similar across the various conditions. The physical tasks, all of which were 
designed to involve moments of stillness between movements, should therefore 
yield relatively uncontaminated data.
With respect to assessing the potential spread of muscle induced artifact 
across sites two procedures were employed. Firstly, EMG recordings of activity 
at the cephalic sites were made underthree conditions of jaw clenching. Although 
attempts were made to quantify this activity by means of a specific force 
transducer (a gnathometer) this was not possible in conjunction with EMG re­
cording. Strength of contraction was therefore made in response to instructions- 
"just touch the teeth together....now clench your teeth....now clench as tightly as 
possible”-and hence were totally subjective. Mean scores were therefore not 
calculated but intra-individual changes were examined. These are presented in 
table two. One subject’s results from T4 and C4 are shown graphically in figures 
nine and ten.
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OATEUun 20 /S0
T IME:09 :50
CHI :
Figure 9: Single subject EMG output from T4 (integrated and raw signal) 
associated with progressive jaw contraction.
CH2 : 091mV , 04 .829s D A T E : J u n  2 0 / 0 0
r '
Figure 10: Single subject EMG output from C4 (integrated and raw signal)
associated with progressive jaw contraction.
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0 4 T4
Touch Clench Max. Touch Clench Max.
SI 14 37 64 31 71 130
82 16 45 70 33 85 160
S3 17 40 76 30 93 171
S4 11 34 90 19 98 180
S5 12 33 82 20 88 176
Table 2: EMG detected activity associated with different 
degrees of jaw contraction (median values 
in microvolts).
Consideration of these data suggests that levels of activity at central sites were 
approximately half those recorded at temporal sites. However the amplitude of 
these recordings would only seem really significant (not in the statistical sense) 
under conditions of conscious jaw muscle contraction. Observation of subjects 
did not demonstrate such behaviour.
The second procedure employed two subjects who regularly practiced 
meditation techniques and who had been shown capable of generating alpha 
waveband activity ‘to order’. Recordings were made from all eight sites used in 
the main investigations but all commonly referenced to the nose. This procedure 
was used since the differences in magnitude in the first procedure may well be 
due to the distance of the active electrode from the reference. Results from the 
jaw contraction conditions were obtained and broken down by FFT to provide a 
measure of activity in the alpha band, a particularly desirable check in the light 
of the suggestions of Oken (1986) cited earlier. The meditation skills of the 
subjects were desirable to minimise task relevant cognitive activity, detected by 
EEG, confusing the results. In this case, albeit with only two subjects, levels of 8- 
13 Hz activity approximately doubled at all sites although once again, there ap­
peared to be a slight asymmetry with greater activity apparent at right sites low 
on the skull. However, despite the ‘special’ subjects used, some degree of EEG 
based difference is inevitable in these recordings.
Muscle artifact due to eye movements was not considered in as much detail
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since this series of investigations did not employ frontal sites. Nevertheless, eye 
movement was monitored in the pilot study by use of a video camera and although 
this was excluded from the main study because of subject distraction, no 
problems were apparent. During all the investigations, a visual check was 
completed by one or more of the researchers and once again no overt movement 
was detected. This procedure was also important to detect eye blinks since this 
has been shown to induce a ‘burst’ of alpha which may be strong enough to 
extend forward from the occipital area.
Taken together these various examinations show that strong jaw contrac­
tions would indeed have confounded results. The procedure of choice would 
have been to record all results in some way, probably by FM recorder and 
examine the data for odd waveforms (Winter, 1985) rejecting all those apparently 
contaminated. This option was not available but nevertheless it is felt that the 
observational techniques employed were successful in avoiding/eliminating 
such problems. The overall picture suggests that effective recordings can be 
made in moments of stillness which occur, or can be engineered in, sequences 
of movement.
3.5.3 Avoiding Movement Artifact
The procedure employed by the investigations was specifically designed to 
prevent movement during recording epochs. The first step in this series of studies 
was to demonstrate, by use of polygraph recordings, the length of time without 
movement necessary to allow physiological parameters to return to normal and 
an artifact free recording to be made. This procedure yielded the two second 
epoch employed throughout the investigations. Subjects who exhibited overt 
movements immediatly prior to, or during epochs, were asked to repeat the task 
or were eliminated from the study. One subject, whose preparation strategy for
the jump tasks involved hopping on the spot was also eliminated. An important 
point here is that the experimental script could not emphasise the need for 
stillness in epochs since this may have disrupted the subject’s preparation and 
inevitably affected their EEG.
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4. STUDY ONE: VALIDATING THE PROCEDURES
4.1 Introduction and Statement of the Problem
4.1.1 Introduction
As the review has shown, studies of the pattern of hemisphericity and 
cerebral activity reveal certain trends but there are many contradictions largely 
due to methodological shortcomings and poor design (Donchin, Kutas and 
McCarthy, 1977). Beaumont (1983) summarises the position succinctly in saying 
that “...I do not think that any one of the studies (including our own) can be 
regarded as entirely methodologically sound.”
The first study was therefore designed to “validate” procedures by examin­
ing the processing pattern associated with certain tasks which, based on current 
theory, would be designated as “left” or “right” brained. Additionally, in view of the 
doubts raised by earlier reviews, the study was particularly concerned with 
issues of reliability. A sound methodology used to measure genuine (i.e. non- 
artifactual) differences in hemispheric processing should obviously yield results 
which are reasonably consistent across subjects. Reliability measures were 
therefore used to ascertain the degree of variabilty in task induced EEG between 
individuals. Alpha activity has already been shown to have high test-retest 
reliability in both absolute and relative power (Gasser et al, 1985).
With regard to the selection of the tasks, there is general agreement on the 
superiority of the left hemisphere in the processing of language/verbal informa­
tion for most humans. Evidence for other hemispheric differences is less 
conclusive (Donchin et. al. 1977) but several studies suggest that the right 
hemisphere is the best suited to both pattern recognition and dealing with more 
holistic concepts. Tasks were therefore designed to reflect these hypothesised 
differences.
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4.1.2 Questions to be Addressed
1. Is it possible to induce a differential pattern of hemispheric processing, as 
indicated by raw alpha power and/or right to left ratio, by the use of various ‘left 
and right’ brain tasks?
2. Do the left and right brain tasks induce a consistent effect on each subject as 
demonstrated by high within task reliability measures?
3. Do the left and right brain tasks consistently induce a differential hemispheric 
effect across subjects as demonstrated by the coefficient of concordance?
4.1.3 Limitations and Assumptions
As with all the other studies, equipment constraints prevented the use of 
several procedures which are desirable for EEG work. On line examination of the 
signal, usually by pen trace, enables the detection of epochs contaminated by 
movement or other artifact. Extra channels, on which other potential sources of 
artifact are recorded (e.g. eye movement) are anothercommon procedure which 
was not available for this investigation.
In order to minimise these shortcomings, the signal was examined by pen 
recorder in the pilot study. Experimental procedures were adjusted in the light of 
this test. In the more ‘active’ studies described later, video was used to monitor 
eye movement but in the present study subjects were required to fixate on the 
screen, set at a distance of ten feet, in order to satisfactorily complete the task. 
Visual monitoring of the subjects did not detect any overt movement or blinking 
during the recording epochs. Finally, the use of a wide recording window (0-100 
Hz) and FFT window (0-70 Hz) facilitated the detection of large artifactual signals 
including, of course, mains signal at 50 Hz.
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4.2 Method
4.2.1 Subjects
The subjects (Ss) were twenty one right handed, right eyed, ipsilateral male 
students (mean age 20.5 years) who were recruited by personal contact.
4.2.2 Instrumentation
The tasks used are outlined below and examples of those tasks designed 
specifically for this study are shown in Appendix A. With the exception of the 
pursuit rotor, each stimulus was presented by slide - fourto each condition. Slides 
were projected onto a white screen from a distance often feet. This resulted in an 
image size of approximately 3' 6" high by 4' 9” wide.
Comprehension (COMP) - Read a passage and answer
questions on it.
Field Dependence (FDEP) - Four slides from Section C of
the Field Dependence 
questionnaire (Witkin, Oltman,
Raskin and Kanp 1971). Ss were 
asked to trace out the stimulus 
shape after studying the 
display.
Left Simple (LSIM) - Four slides each with six
words. One was obviously the 
odd one out. Ss were asked 
which one was the odd one out 
and why.
Left Complex (LCOM) - As for ‘simple’ except that
the selection of the ‘odd one 
out’ was conceptually more 
complex.
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Right Simple (RSIM) - Four slides, each with six
simple shapes (easily described 
verbally). Following 10 seconds 
study the subject was shown a 
single shape and asked if It 
was in the original display.
Right Complex (RCOM) - As for RSIM except that the
shapes were too complex to be 
named.
Pursuit Rotor (ROTR) - Thirty seconds left handed
performance on a twenty cm. 
diameter circular target 
pursuit rotor at 40 rpm.
The tasks designed specifically for this study (i.e. LSIM, LCOM, COMP, 
RSIM and RCOM) were all selected by pilot study. Twelve items were designed 
for each task and six Ss (from the same subject pool as those used in the main 
study) were asked to rate the items on a difficulty scale of one to ten. The four 
items selected were matched for difficulty within task.
Electroencephalographic recordings were taken from T3, T4, (Left and right 
temporal) A1, and A2 (left and right mastoid) all commonly referenced to Cz 
(vertex). The use of this montage was determined by the need for replication of 
earlier work which this series of studies was designed to extend.
4.2.3 Procedures
Four, two second epochs were recorded; either one per slide (two seconds 
after slide presentation) or at regular intervals during performance on the rotor 
task. Appropriate performance measures for each task were taken and recorded. 
Post hoc inspection of these results showed a response rate of over 90% correct
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on those tasks requiring a response. Furthermore, incorrect answers did not 
seem to result in a markedly different pattern of activity as revealed by the 
recordings. These recordings were therefore assumed to be due to the process­
ing of task relevant information.
Signals were collected by use of silver-silver chloride cup electrodes which 
were sited and glued to the scalp according to the International 10-20 system 
(Jasper 1958). Impedance was always less than 2000 ohms. Signals were 
passed through a headbox, amplified by a Biodata Pa400 bioamplifier and 
digitised by a CEAN 400 dedicated analysis program mounted on an Apricot PC 
with 10Mb Winchester. The same program computed Power Spectra by the use 
of Fast Fourier Transform (FFT).
4.3 Analysis of Results
The alpha powers yielded by this procedure were submitted to a variety of 
statistical analyses completed by a DEC VAX mainframe mounting SPSSX2.2.
A two way ANOVA (site x task) on the mastoid results yielded no significant 
results and graphic representation of the data showed little difference across 
tasks and epochs. Major attention was therefore given to the temporal site data. 
This data is summarised in Appendix B. Table 3 shows the right/left ratios based 
on temporal data (T4/T3) for each task. A higher ratio demonstrates greater left 
brain involvement.
A one way repeated measures ANOVA applied to the alpha ratio (T4/T3) 
yielded a significant result (F = 3.58 £< .05). Follow-up tests by the Tukey method 
yielded the results shown. The order is as would be predicted from theory with the 
possible exception of Field Dependence (perhaps because of a verbal reasoning 
strategy).
Many researchers have challenged the use of ratio measures (e.g. Beaumont 
1983) so a further 7 X 2  (tasks by electrode site) ANOVA was completed to
Table 3: T4/T3 Ratios Resulting from Task Performance-Follow Up
on Results
TASK:COMP FDEP LSIM LOOM ROTOR RSIM ROOM
RATIO:1.22 1.21 1.17 1.05 0.96 0.87 0.86
Table 4: Cronbach's Alpha Coefficients on Raw Temporal Results
TEST TSfLeft Brain) T4(Rls
COMP 0.39 0.47
FDEP 0.41 0.65
LSIM 0.65 0.75
LOOM 0.73 0.52
ROTOR 0.78 0.81
RSIM 0.87 0.91
ROOM 0.91 0.96
Table 5: Coefficient of Concordance on T4/T3 Ratios
When each test is thought of as a judge, subject's results are con­
sistently placed in the following order (i.e. in descending order of
T4/T3 Ratio)
LSIM FDEP COMP LOOM ROTOR RSIM ROOM
W=0.1399, P<0.0072
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examine the hemispheric activity underlying the significant ratio results. Only the 
Rotor scores were significantly different as shown by follow up after a significant 
tasks main effect. No other effects achieved significance. Hence only the ratio 
measure provided evidence of a significant difference in hemispheric processing 
due to the tasks. These conflicting results serve to highlight the potential problems 
involved in the use of ratio measures. "A score is derived which confounds 
changes due to the task in the two hemispheres with the between hemisphere 
interaction" (Beaumont, 1983, p394). Associated with this problem is the fact that, 
given the non-normal nature of the ratio scores, a particular value may be 
produced by a variety of different numerator/denominator combinations. Some 
form of transform may be used (a logarithmictransform would be most suitable in 
this case) but in the present study, the potentially confounding effect of lateral 
derivation changes was checked by a further one way ANOVA, performed on the 
inverse ratios i.e. calculated as T3/T4. This analysis also yielded a significant result 
(F(Mult.)= 3.17, p<.05) with task associated ratios in exactly reverse order. As a 
result of this confirmation, the existence of hemispheric differences was sup­
ported with the caveat that the lack of significant raw result differences should be 
considered carefully in evaluating the evidence.
Reliability of these task induced effects was examined using Cron bach's 
alpha (Cronbach, 1951) on the alpha power figures obtained from T3 and T4. 
Results are shown in Table 4.
The most notable result was the almost perfect correlation between the 
degree of right brain involvement, as shown by the T4/T3 ratios and the reliability 
of the tests. ‘Right brain’ tasks produced a more consistent effect across subjects
i.e. the levels of alpha activity were more similar when these tasks were 
attempted. This effect may reflect the smaller number of cognitive strategies which 
were appropriate. There may be a greater number of ways (i.e a larger number of 
relevant subsystems) in which the left brain tasks can be performed effectively and
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as a result, EEG recordings would display greater between task variability. By
contrast, the right brain tasks may consistently engage the same area of the cortex
and therefore yield a relatively consistent pattern.
Reliability was examined further by the calculation of W (the coefficient of
concordance) using the T4/T3 ratio as the criterion or score and the seven tasks 
as ‘judges’. The statistic has been used in this way by Amochaev and Salamy 
(1979) to examine the stability of task induced EEG changes over three occa­
sions. Results are shown in Table 5.
Once again the order is virtually identical (LSIM and COMP have interchanged). 
The significant value of W seems to show that the task induced effects are 
consistent across subjects although the absolute value is rather low.
4.4 Discussion
With regard to whether certain tasks predictably engaged the appropriate 
hemisphere results of this study were supportive. The tasks did indeed induce 
asymmetries of activity as shown by the significant result on the ratio analysis; ‘left 
brain’ tasks engaged the left hemisphere and vice versa. The non-significant 
results of the raw analysis do however, countenance some caution, but raw signal 
differences are, of course, complicated by a number of factors which are to an 
extent controlled by the use of ratio measures.
The process of matching tasks for difficulty/ concentration seems to have 
worked since, with the exception of the Rotor task (greater processing demands 
due to the motor control requirement) the magnitude of total EEG activity (i.e. 
across all wavebands) seems to be homogeneous within task.
The relationship between reliability and degree of right brain involvement, 
as suggested by this study, was an unexpected finding and certainly requires 
careful interpretation. Results suggest that variability in the pattern of processing 
is most marked in cognitive tasks with a large verbal/linguistic component. More 
‘right brained’ tasks in this study seemed to produce a more consistent pattern
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of cerebral activity across trials. Differences in the reliability coefficients may of 
course be related in some way to the actual tasks used. If this is the case then 
the results highlight the need for extreme care when designing tasks for such 
Investigations. However the tasks were designed to be comparable in difficulty 
and genuine differences in variation seem to exist. This may be further evidence 
for a biological basis to individual differences. The processing strategy associ­
ated with left brain/linguistic tasks seems highly variable whilst those designated 
right brained induce a more consistent pattern.
An important assumption underlying the use of Cron bach’s Alpha is that the 
items compared are parallel. In this case that would mean all four items within each 
task are ‘measuring’ the same construct or factor. Armor (1974) (cited in Carmines 
and Zeller, 1979) suggests that:
“there are two conditions under which real data can 
violate these assumptions: if the items measure a 
single phenomenon unequally or if the items measure 
more than one concept equally or unequally” (p.59).
In view of the complex nature of hemispheric processing this situation may well 
occur. Future studies should therefore follow Carmines and Zeller’s suggestion 
and use factor analysis. Use of such an analysis with an EEG protocol could 
clarify the factors which determine the variety of processing strategies appropri­
ate to a task.
The consistent (i.e. reliable) effects demonstrated by this study, largely in 
keeping with those predicted by theory, suggest that the procedures and 
equipment were performing to specification.
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5, STUDY TWO: EXAMINING KARATE PERFORMANCE
5.1 Introduction and Statement of the Problem
5.1.1 Introduction
Having tested and examined the procedures involved in EEG research, 
study two began the major part of the project by utilising an EEG paradigm to 
examine an intact, high effort motor skill. In investigating the EEG detected 
processing patterns of elite rifle marksmen Hatfield, Landers and Ray (1984) had 
already used a symmetrical electrode montage to examine the pattern of activity 
in the alpha waveband (8-13 Hz) displayed by marksmen in the time immediately 
prior to each shot. Subjects in this two part study displayed an increase in alpha 
band activity in the cerebrum as assessed by temporal site activity during the last 
few seconds prior to trigger pull. In addition, a significant site by epoch interaction 
revealed that the left hemisphere ‘relaxed’ more than the right. Since all the 
subjects were right handed and right eyed, a configuration which is predomi­
nantly associated with a left hemisphere dominance, Hatfield et al. suggested 
that this pattern could represent an attempt to suppress possibly negative self talk 
(speech centres are usually located in the left brain). Additionally, the superior 
pattern recognition abilities of the right hemisphere may have made it the best 
suited to control of such a task. This study furnished important objective evidence 
for the existence of a processing pattern which may be necessary for high level 
performance.
This section of the project aimed to replicate and extend this earlier work by 
applying a similar procedure to examine the EEG detected alpha activity of karate 
performers (Karateka). To investigate the generalisability of these effects, two 
contrasting Karate tasks were utilised. The first, breaking wood (tameshawari), 
is used by many schools to test ‘spirit’ and strength of technique. It requires a 
deep level of concentration and offers a healthy incentive for success!
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The second task, Kata, consists of a set series of techniques which are 
practiced to improve timing and co-ordination. The task demands similarly high 
levels of attention but may well require a different mental approach.
As in the Hatfield et al. investigation, left and right brain tasks, validated by 
study one, were used to furnish a comparison if hemispheric effects were 
observed in the Karate task conditions. Finally, since the pattern observed in the 
marksmen maybe due to their extreme familiarity with the task, EEG activity was 
monitored whilst subjects practiced a novel task, namely a circular pursuit rotor. 
The speed setting was determined to make the task simple and facilitate rapid 
learning.
5.1.2 Questions to be Addressed
The present study was designed to examine the pattern of cerebral activity 
in the alpha waveband and see if the effects observed by Hatfield et al. were 
apparent in the contrasting physical and mental tasks. Additional electrode sites 
were included to facilitate the discussion of observed effects. The study also 
aimed to assess the link between traditional mental strategies, the self reported 
cognitive activity of the subjects and the psychophysiological evidence furnished 
by the EEG.
The following specific questions were addressed:-
1. Are there significant changes in the pattern of total cerebral activity, as 
measured by EEG alpha power across epochs, in the preparation for perform­
ance of the hard and easy break?
2. Are there significant changes in the pattern of total cerebral activity, as 
measured by EEG alpha power, across epochs in the preparation for perform­
ance of the hard and easy kata?
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3. Are there significant changes in the pattern of total cerebral activity, as 
measured by EEG alpha power, associated with improved performance on the 
pursuit rotor task?
4. If the various tasks do result in differential patterns of hemispheric processing, 
how do these effects compare to those induced by the ‘left and right brain’ 
cognitive tasks?
Owing to the electrode montage, in which a common reference is used, each pair 
of electrodes (e.g. T3/4 versus 03/4) will inevitably display differences in power. 
Those sites further from the reference will share less common signal and must 
therefore yield greater power readings. Each task was therefore examined by 
reference to each of the four pairs of active electrodes.
5.1.3 Limitations and Assumptions
It was assumed that the testing environment and equipment would not 
significantly affect the cognitive or physical preparation of the subjects. This was, 
in fact, checked by the post-test questionnaire. A further and highly significant 
assumption was that the EEG signal was not subject to contamination by muscle 
and movement artifact. This aspect was crucial to all of the studies and was 
examined by a series of Electromyographic (EMG) examinations of activity 
associated with performance of the various tasks and varying degrees of 
conscious muscle tension of the face, jaw and neck. Finally, it was assumed that 
the rotor task set was easy enough that rapid improvements in performance 
would take place.
The testing situation did impose a limitation on the ecological validity of the 
kata section in that subjects could not complete all the movements. Since all were 
used to practicing these movements in discrete sections this did not appear to be 
too great a problem.
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5.2 Method
5.2.1 Subjects
Subjects were eight high level male Karate performers (Karateka), all 
members of the Sekei Jukyu Karate Organization, who volunteered to take part 
in the investigation. All had practiced regularly at the Karate tasks utilized as part 
of their on-going training. Two of the subjects had international competitive 
experience (one of them considerable) whilst the remainder had all competed at 
national level. Age ranged from 22 to 34 years (Mean=26.3 years) and training 
experience between 4 and 22 years (Mean=9 years).
5.2.2 Instrumentation
All subjects were male and tested to confirm the existence of a right-side 
ipsilateral hand-eye dominance. This was essential since both sex and handed­
ness are factors which may affect the pattern of cerebral lateralization (Curtiss, 
1985). The pattern of regional specialization between the hemispheres was also 
checked. The main language centre, for example, is usually located in the left 
hemisphere but may be found on the right side in a significant minority of the 
population. Such differences in one or more of the subjects would obviously 
confound results. Subjects were checked in three ways. Firstly, all completed the 
Edinburgh Handedness Inventory (Oldfield, 1971), shown as Appendix 0 , which 
provided an index of laterality. The Edinburgh inventory yielded a mean laterality 
quotient of 75 with all subjects scored as right handers. Secondly, a series of 
aiming tasks were used to establish which was the preferred eye. Finally, the EEG 
response of the subjects to a number of stereotyped left and right brain’tasks was 
examined. These tasks, validated by the earlier study, induced patterns of 
cerebral activity in keeping with the most common and, for the purposes of this 
study, assumed distribution of specific function. All subjects therefore satisfacto­
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rily ‘passed’ these tests.
Cephalic activity was monitored at nine sites by use of silver-silver chloride 
cup electrodes. These were sited on the scalp by measurement of the skull 
referenced to the nasion/inion and earlobes. Pre-determined positions based on 
the International 10-20 system (Jasper, 1958) were marked and the surface skin 
was abraded. The electrodes were affixed with collodion glue then filled with 
electrolytic gel. This procedure resulted in firmly attached electrodes, relatively 
resistant to movement, with an impedance of less than 2000 ohms. The montage 
consisted of eight active electrodes at T3, T4 (left & right temporal), A1, A2 (left 
& right mastoid), 03, 0 4  (left & right central), and P3, P4 (left & right parietal), all 
commonly referenced to the vertex Oz-a total of eight channels. A ground 
electrode was similarly attached on the spine (thoracic two).
The choice of electrode sites was initially influenced by the desire to enable 
comparisons with the earlier shooting study. The central and parietal electrodes 
were included to enable the extent of hemispheric differences to be assessed. 
Sites 0 3  and 04  overlie the motor cortex and activity at these sites may be taken 
to represent the contra-lateral control of movement. Recordings from the central 
lobes also often display the Rolandic Wicket or ‘Mu’ rhythm, first described by 
Gastaut, Dongier and Ourtois in 1954. Activity at the parietal sites, P3 and P4, 
would probably be due to the processing of movement induced feedback. The 
choice of the mastoid sites, A1 and A2, is unusual since these are frequently 
linked and used as a reference. The use of these sites in the present study was 
to observe if hemispheric effects which may be detected at the temporal sites 
were due to artifactual sources.
Signals were passed to a purpose built junction box by four foot leads which 
were taped together to prevent signal contamination by relative movement, a 
problem which had been detected during the pilot study. This box was secured 
to the subject’s back by a webbing belt, the signals were then passed to a pair of
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linked Biodata four channel headboxes by a single shielded wire. This arrange­
ment facilitated the subject’s movement and was designed to minimise the 
artificiality of the testing situation. This equipment is shown in photo one.
I
Photo 1 : Method of equipment attatchment to subject
The signals were amplified by two Biodata Pa 400 four channel amplifiers 
with the following common setting : Gain 100, Multiplier 1, Hi-pass 100, Lo-pass 
.2.
This whole system was initially checked by use of a signal generator. The 
amplified raw signal was digitized (sampling rate=256 Hz) and stored by a CEAN 
400 dedicated program mounted on an Apricot micro computer with 10 Mb
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Winchester. The same program later completed the FFT analysis on this digitized 
data. Alpha waveband activity was sampled by use of a cosine bell window using 
256 points drawn from each period. The examination of a large bandwidth, from 
1 to 60 Hz, facilitated the detection of possible sources of contaminating artifact. 
Mains frequency noise for example (50 Hz in the UK, 60 Hz almost everywhere 
else) is a major problem for EEG research since harmonics of this comparatively 
large signal will appear in the lowerfrequency bands. Post hoc examination of the 
frequency spectrum revealed no contaminating noise at this frequency. The FFT 
results were transferred to a DEC VAX mainframe computer carrying SPSSX 2.2 
which was used for statistical analysis.
The boards used for the breaking task were all 12 by 12 by 1 inch (304.8 
X 304.8 X 25.4 mm) pirhanna pine, a straight grain hard wood commonly 
used for this purpose.
5.2.3 Procedures
All subjects had received a briefing on the conduct of the investigation as 
part of the informed consent procedure. Upon arrival at the testing site they all 
completed the Handedness inventory and changed into Karate suit (Gi) or 
tracksuit. Subjects were then wired according to the montage/method already 
described. They then completed a short warm up to prepare themselves for the 
tasks and familiarize themselves with the restrictions imposed by the equipment. 
The safe movement limit was marked by tape on the floor and subjects later 
reported that they had not found the wires/testing situation an encumbrance. 
After further explanation, questions and a rehearsal of the procedure each 
subject completed the various tasks, order being crossed to avoid a possibly 
confounding effect.
In the easy break task, subjects attempted to break one board using the side 
of the hand (shuto) with a chopping action. Each individual was handed the board
48
and asked to ‘set it up’ on four engineering bricks placed on a table. The board 
was thus positioned horizontally at about waist height. Once satisfied with the set 
up the subject was instructed to stand erect in a relaxed posture. A first, two 
second epoch was then recorded. This first epoch provided a ‘baseline’ of sorts 
although subjects were probably indulging in task related cognitive activity by this 
time. On the command “in position”, the subject adopted a low stance, left foot 
forward, with the right hand resting lightly on the wood. A second, two second 
recording was then taken. The subject then completed two preliminary swings to 
the investigator’s count. On the count of three the subject struck the wood. 
Recordings three and four, each of two seconds, were taken on completion of the 
first and second swings whilst the subject stood still with his hand just above the 
wood. The final epoch was thus recorded immediately prior to the actual break. 
The hard task followed an identical procedure to the ‘easy’ break except that three 
boards were used. This procedure of setting up and moving to the count is the 
normal way in which Karateka practice Tameshawari (breaking).
The kata tasks consisted of the first moves of two katas. These were 
‘Sanchin’, a basic kata taught to beginners in this style and ‘Kanku Dai’, an 
advanced kata consisting of over 350 separate movements. As before, the 
subjects stood upright whilst a first, two second epoch was recorded. On 
command, the subjects moved into a formal ready position; once they were still, 
a second recording was taken. On the investigators count, the subjects then 
performed the first and second sequences of the katas. Recordings three and 
four were made whilst the subjects were still and awaiting the next count. Once 
again, this practising to the count is a normal procedure in Karate practice.
The left brain and right brain tasks used were those identified in the first 
study as generating the greatest differences in laterality of activity, namely the left 
and right complex tasks. The two tasks each used four slides which were 
presented in an identical fashion to the first study except that the subjects stood
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throughout the procedure. One epoch was recorded whilst subjects processed 
information from each slide.
In the rotor task, subjects were given two, thirty second attempts on a 
standard circular pursuit rotor moving at 30 r.p.m. All subjects held the probe in 
their right hands.
The four epoch procedure utilized In the break tasks is analogous to the 
three epoch technique employed by Hatfield et al. (1984) in that the four epochs 
should display a progressive build up to the break. In the Kata task, activity in 
epochs one and two should reflect preparation for performance whilst differences 
in the rotor epochs may represent a learning effect.
A pilot study had shown that recordings free of movement artifact (at least 
as shown by visual inspection of pen recordings) were possible in the moments 
of relative stillness between the movements. Video recordings were used to 
check for overt eye movement or blinking, both possible sources of artifact. Post 
hoc examination showed that this was not a problem, subjects fixated on the 
wood or stared forwards (as required by Kata performance criteria) throughout 
the recording epochs. Overt movements, shuffling etc. were also not apparent. 
This video equipment was, however, found to be a major distraction by the pilot 
study subjects. During the actual investigation therefore, these factors were 
visually checked by one or more of the investigators. Once again, no problems 
were apparent.
Electromyographic (EMG) recordings from electrodes placed at the EEG 
sites showed that the levels of muscle activity which occurred in the held position 
between swings were largely similar to that detected in a standing ‘at rest' 
position. This data is presented in chapter three. A slight asymmetry of activity 
was however apparent at the temporal and mastoid sites with activity on the right 
always exceeding that on the left. Further investigation, which utilized a number 
of different EEG sites showed that this activity had little effect on those sites higher
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on the scalp (i.e. central and parietal sites) except under conditions of conscious, 
strong contraction. In addition, consideration of the levels of EMG activity 
detected suggested that contamination of the EEG signal by muscle or move­
ment artifact was unlikely.
All subjects completed a posttest questionnaire (included as Appendix D) 
in which they were asked to rate their performance on the karate tasks, assess 
the degree of distraction due to the testing situation, and report any cognitive or 
other strategies which they attempted to use.
5.3 Analysis of Results
The procedure described above yielded a 8 X 8 X 4 (Electrode Site X Task 
X Epoch) matrix of data for each individual. The dependant variable was the 
relative quantity of activity or ‘power' in the alpha wave band (8-13 Hz) across 
epochs.
Analysis was completed by use of four 2 X 2 X 4  (Site X Task X Epoch) 
ANOVAs on the temporal, mastoid, central and parietal recordings taken during 
each of the four tasks, a total of sixteen tests in all. In keeping with procedures 
suggested in the SPSSX manual, data was routinely tested by the Mauchiey 
sphericity test (Norusis, 1985). Sphericity is an assumption of the univariate 
ANOVA which must be met if this test is to be used. If the sphericity condition is 
not met, (i.e. the Mauchiey test is significant) the less powerful but more robust 
multivariate set-up should be used. Accordingly, both univariate and multivariate 
results are reported, dependant upon the Mauchiey result. The series of 
MANOVAs yielded several significant and near significant results. All the results 
are tabulated in Table 6. Summary statistics are shown in Appendix E.
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5.3.1 Breaking Tasks
The mean power scores obtained at the temporal sites are displayed graphicaiiy 
in Figure 11. The picture, although more complex, seems to indicate some 
similarities with the shooting study. Statistically however, the temporal sites are 
not different with no site, main or interaction effects reaching significance. There 
is an overall increase in alpha band power just prior to the break although this 
effect just fails to reach significance (Epoch: F (multiv.)=4.88, p<.06). A differen­
tial pattern of activity is also apparent between the tasks as evidenced by the 
significant task by epoch interaction (Task X Epoch: F (3,21)=3.77, p<.05).
Consideration of the mastoid data provides a slightly different picture. This 
is shown graphically in Figure 12. The significant site (F (1,7)=11.29, p<.01 ) effect 
suggests a hemispheric difference in alpha waveband activity which is not 
evident at the temporal sites. The epoch (F (muitiv.)=10.77, p<.01) main effect 
however, reflects changes which, since they were evident at both pairs of sites, 
may be caused by changes at the reference. The existence of EEG activity at the 
mastoid is documented but is assumed by most researchers to be comparatively 
low, hence the use of this site as a reference. The relatively large power detected 
therefore seems indicative of changes in areas underlying the vertex although 
some left-right differences are apparent.
Results obtained from the parietal and central sites are displayed graphi­
cally in Figures 13 and 14.
The parietal analysis yielded only two results worthy of note, an epoch main 
effect (F(multiv.)=4.18, ^=.07) and a task by epoch interaction (F(3,21)=2.65, 
p=.07G), both of which approached significance at the criterion level.
The high levels of alpha band power apparent in epoch one are probably 
due to the lack of movement induced feedback which is monitored in this area. 
It is interesting to note that the highest levels occur in preparation for the easy
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task. The increase in alpha band power in the final epoch matches the temporal 
and mastoid site results.
The central analysis yielded no significant results. However the pattern of 
activity should be considered since it may ease interpretation of the major 
findings of this study. As was mentioned earlier, sensorimotor rhythm (SMR) and 
‘Mu’ should be maximum in the areas underlying these sites. In this investigation 
however, the lack of significant results forthe central site recordings together with 
differences in the pattern of the central and temporal activity appears to mitigate 
against the suggestion that the temporal results are due to contamination by ‘Mu’. 
The montage used however would not detect such changes if they occurred at 
all central sites (C3, Cz & C4). The significant epoch effect apparent at the 
mastoid sites together with the magnitude of power detected there also seem to 
support this idea. This possibility does therefore require careful consideration as 
a possible explanation for the observed effects.
5.3.2 Kata Tasks
The clearest effect to emerge from the kata task was the quietening of 
cerebral activity which all subjects displayed in the first epoch as they stood 
quietly, prior to performance. This lack of activity is shown most clearly in the 
parietal results in which a large and significant decrease in alpha power is 
apparent between the first and second epochs (Epoch: F(3,21)=3.94, p=.022). 
These results are shown in Figure 15.
Both the temporal and mastoid results display a similartrend but matters are 
much more complicated. In both cases significant site by task by epoch interac­
tions indicate this complexity (Temporal: F(mult.)=11.94, p=.011; Mastoid: 
F(mult.)=6.45, p=036). Follow up tests on the temporal results show that the 
significant test result is due to the overall decrease between the first two epochs 
and the differential site activity evident in epochs two and three. Changes in the
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final epoch may be confounded by the subject’s knowledge that he had effectively 
finished at that point. If so, the relative quiescence of the left hemisphere may be 
Indicative of a highly appropriate, non-verbal cognitive strategy. The hard kata 
figures are, by contrast, highly homogeneous. In the mastoid analysis, follow up 
tests failed to detect any significant differences apart from the epoch one/two 
decrease. Inspection of the results does however reveal a similar effect to the 
temporal in that the left site is ‘quieter’ in the easy kata condition. The results are 
shown graphically in Figures 16 and 17.
5.3.3 Cognitive Tasks
Only the temporal results yielded significant results. Indeed apart from 
those noted, no other results even approached the criterion level. The site by task 
interaction (F(1,7)=4.84, p=.064) approached significance but matters are 
complicated by the significant three way interaction (Site by Task by 
Epoch:F(3,21)=3.55, p=.032). The temporal results are shown in Figure 18.
Most of the tasks seem to have successfully engaged the predicted 
hemisphere since the alpha power figures demonstrate the latéralisation typical 
in such studies. The significance of an epoch related effect however, suggests 
that in this study, the tasks did not induce a consistent effect as was the case in 
study one. The much wider range of educational level in the karateka may 
account forthis. Some showed extreme discomfort in these tasks, especially the 
comprehension. In fact, heart rate recordings, which were being taken for an 
associated study, suggested that, for these particular subjects, comprehension 
was more arousing than the easy break! The confounded effects apparent here 
are further evidence forthe need to control intelligence of the subjects since this 
may well affect the pattern of cerebral activity associated with specific tasks (Wlet 
and Goldstein, 1979).
This confusion apart, the results are generally supportive of hemispheric
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specialisation for ci early delineated tasks. The absence of such site effects in the 
main tasks however, made the original aim of this section rather redundant.
5.3.4 Skill Acquisition Task
The concept of learning induced change in the pattern of activity received 
partial support from this aspect of the study. The first trial on the pursuit rotor 
resulted in significantly greater alpha power in both temporal sites (Task: 
F(1,7)=25.6, p=.001). This trend is also apparent, though not significant, in the 
mastoid sites. Both the central and parietal sites displayed a site effect which 
approached or achieved significance (Central: F(1,7)=4.49, p=.072; Parietal: 
F(1,7)=8.99, p=.021) with alpha band activity greater at the left sites. Temporal 
and parietal results are shown in Figures 19 and 20.
With respect to the first finding, it is unlikely that lower levels of processing 
would be associated with the early stages of skill acquisition. This difference is 
more likely to be due to the very still posture which beginners adopt when starting 
this type of task. As many authors have observed, subjects soon acquire the body 
swaying technique which appears to be the strategy of choice reported by most 
studies which have employed a pursuit rotor task. The central/parietal result is 
reasonably consistent with this explanation since such induced stillness would be 
most necessary to lock the right arm in position. To be comprehensive as an 
explanation however, the results should reflect a main task effect similar to that 
detected at the temporal sites since stillness of the arm should be less apparent 
in the early attempts.
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5.4 Discussion
5.4.1 Discussion of the break results
Direct comparisons of this data to the shooting study are, of course, difficult 
if only due to the different physical nature of the tasks. The total body movement 
required for the break and Kata tasks may screen or mitigate against the 
detection of the differential hemispheric pattern associated with marksmanship. 
Nevertheless, hemispheric differences were only detected at one of the paired 
sites examined, namely the mastoid. The hemispheric differences suggested by 
this significant effect are the inverse of those revealed in the shooting study since 
the right sites display higher levels of alpha band power than the left. Mastoid 
electrodes are however known to be susceptible to ECG and EMG artifact 
(Binnie, Rowan and Gutter, 1982) and this finding must be considered in 
conjunction with the slight asymmetry of EMG activity described earlier. The 
existence of a differential pattern of hemispheric activity is therefore only partially 
supported by this study.
An overall increase in alpha waveband power was apparent immediately 
before both breaks although this effect just failed to reach significance at the 
temporal sites. The effect may be due to a quietening of cerebral activity and this 
explanation is supported by subjects’ responses to the posttest questionnaire in 
which they reported that they had tried to eliminate distracting thoughts and 
concentrate soley on the action required to break the wood. The most common 
strategies reported involved some sort of visualization, e.g. “seeing the wood 
breaking" or concentration on one aspect of the technique, e.g. “dropping the 
hips”. This finding may demonstrate the need for a focussing of concentration via 
‘mind calming’priorto performing this task. The need foran absence of conscious 
thought, termed ‘Mushin’, is a common thread in Japanese Martial Arts ( Musashi, 
1982-but originally 1645). Performers are encouraged to clear their minds prior
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to combat or actions requiring focused application of physical power. Additionally 
some visualization procedures are also used. The use of such techniques may 
be revealed by differential patterns of processing or by an overall quietening in 
cerebral activity prior to performance.
This explanation is of course based on the assumption that increased alpha 
band power is related to decreases in active processing (Doyle et al., 1974). 
Recent research has suggested that alpha band power is an indicator of 
attentional focus (Ray and Cole, 1985) and may vary independently of higher 
frequency signals, termed beta activity, which are a better indicator of cognitive 
processes.
An alternative explanation is that the increase in 8-13 Hz activity is due to 
an increase in SMR. The SMR has been shown to be associated with conscious 
inhibition of voluntary movement (Roth, Sterman and Clemente, 1967) and in this 
situation may be acting as an index of ‘motor attentiveness’. In preparation forthe 
break the subjects may have planned the sequence of movements necessary 
then induced stillness as an aid to, or as a result of, a state of mental 
preparedness. This explanation fits in well with the physical state necessary for 
good shooting performance. It is also interesting to note that increases in SMR 
were observed in a case study of an Olympic Weightlifter’s cerebral activity prior 
to imagined performance (Fenwick, 1989). Weight lifting has striking parallels to 
the explosive power task used in this study. This explanation would, of course, 
be more tenable if 8-13 Hz. activity at the central sites had displayed a significant 
increase immediately priorto the break. However, as was mentioned earlier, the 
electrode montage used, chosen to replicate the Hatfield et al. study, may have 
prevented the detection of this since any increase in SMR which occurred at the 
reference (Cz) as well as the central sites would have yielded the results obtained 
by this study. The highly significant epoch effect detected at the mastoid also 
lends credence to this explanation. The harder break did have a differential effect
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on the pattern of activity as shown by the significant task by epoch interaction 
detected at the temporal sites. Post hoc analysis of this finding was completed 
by use of the Tukey test. This revealed that subjects displayed a significant 
increase in alpha band activity at both sites between epochs three and four i.e. 
immediately priorto the break. Changes in activity at the left temporal site (T3) 
between epochs one and three were also significant in the hard task condition. 
It is possible that this more difficult task was more effective in engaging the 
concentration of the subjects (the easy task was very easy!) and hence induced 
a stronger effect, due to either or both of the explanations presented. The lower 
alpha power in epochs two and three may reflect the greater cognitive activity 
which subjects applied to preparation for the hard break.
Whatever explanation is accepted forthe increase in 8-13 Hz power, it 
seems to be a psychophysiological concomitant of successful performance in a 
variety of sporting tasks. In fact, during the pilot study, one subject who failed at 
the hard break did not display this increase. Perhaps such an increase is a pre­
cursor of success. Alternatively a general increase in alpha band power may 
occur in the preparatory stages of any all-out effort.
5.4.2 Discussion of the other results
Apart from the predictable high alpha power which was apparent in the kata 
task, results in this section of the study offer little to the overall picture. The easier 
task did seem to involve the use of a different strategy which, together with the 
changes evident in the skill acquisition section, suggest that familiarity with the 
task may be a significant factor in determining the optimum pattern of activity.
The lack of a really clear cut pattern in the kata tasks is disappointing 
although this task was the one most likely to suffer ecologically from the artificial 
nature imposed by the testing situation. Short duration tasks seem best suited to 
the purposes of this study and the other studies were designed with this constraint 
in mind.
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6. STUDY THREE: ASSESSING THE GENERALISABILITY OF 
THE EFFECTS
6.1 Introduction and Statement of the Problem
6.1.1 Introduction
In the previous study, the majorfinding of interest was the pattern of cerebral 
activity displayed by karate athletes (Karateka) as they prepared to break one or 
three inches of wood. This study was designed to replicate and extend the earlier 
work of Hatfield et al. (1984) but did not demonstrate the same clear cut 
hemispheric effects. There were however, significant increases in alpha wave­
band power in both hemispheres immediately priorto performance of the high 
power, breaking task. This effect was more pronounced in the harder break and 
appeared to be an important facet of the preparation strategy which the karateka 
used. It was not clear however, if this alpha waveband increase was due to the 
specific nature of the task (i.e. asymmetric and high power) or the result of the 
karateka's extreme familiarity with this technique as a result of training.
The third study was therefore designed to investigate the nature of this 
effect by seeing if similar changes in cerebral activity occurred in preparation for 
different physical tasks which were relatively novel to the subjects. These tasks 
were designed to provide a variety of power and accuracy demands; subjects 
completed standing jumps onto a platform fixed at different heights (variable 
power/accuracy and symmetric), a maximum speed leg extension (very low 
accuracy, high power and asymmetric) and a kicking task (high accuracy). By use 
of this design, the scope and causes of the effects observed in earlier studies 
could be clarified.
6.1.2 Questions to be Addressed
1. Will the different tasks induce significant changes in the pattern of total cerebral 
activity, as measured by EEG alpha power across epochs, comparable to those
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observed in the earlier studies?
2. Will the different requirements of the various tasks (viz. variation in symme­
try, effort and accuracy) induce significantly different patterns of alpha band 
activity?
As before, each factor was examined by reference to each of the four pairs of 
active electrodes.
6.1.3 Limitations and Assumptions
As before, the use of an EEG paradigm meant that cephalic activity had to 
be monitored in moments of relative stillness. To meet this requirement and to 
facilitate comparison with the earlier work, afour epoch ‘to the count’ protocol was 
employed in the two power tasks. It was assumed that this procedure was 
effective in producing a pattern of epoch by epoch change which was represen­
tative of the subject's preparation forthe task. In the kicking task it was assumed 
that, in the two seconds prior to the kick, subjects would be engaged in task 
relevant cognitive activity.
6.2 Method
6.2.1 Subjects
Subjects (Ss) were twenty two students and staff of the college who were 
actively participating in sport and physical activity of a demanding nature. Only 
males were recruited by personal contact and as before, all were tested to confirm 
a right sided, ipsilateral hand-eye dominance. The Edinburgh inventory yielded 
a mean laterality quotient of 73 with all subjects scored as right handers. 
Secondly, a series of aiming tasks were used to establish which was the preferred 
eye. Only subjects who satisfied the criteria were recruited to the study. Soccer
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players were also excluded from the study because of the inherent advantage 
that they would have on some of the tasks.
6.2.2 Instrumentation
Cephalic activity was monitored at nine sites by use of silver-silver chloride 
cup electrodes. These were sited and attached as before. Signals were amplified, 
stored and analysed via FFT by the same system which was used in the Karate 
study. Once again, calibration was checked by use of a signal generator and the 
results were transferred to another mainframe for statistical analysis.
6.2.3 Procedures
All subjects had received a briefing on the conduct of the investigation as 
part of the informed consent procedure. Upon arrival at the testing site they all 
completed the Handedness inventory and changed into appropriate clothing. Ss 
were then wired according to the montage/method described earlier. They 
completed a short warm up to prepare themselves forthe tasks and familiarise 
themselves with the restrictions imposed by the equipment. The safe movement 
limit was marked by tape on the floor and Ss later reported that they had not found 
the wires/testing situation an encumbrance. After further explanation, questions 
and a rehearsal of the procedure each subject completed three different types of 
task, a variable power/accuracy task (standing jumps onto a box), a high power/ 
low accuracy task (a single repetition leg extension on a Nautilus machine) and 
a high accuracy/low power task (kicking a stationary soccer ball between two 
cones). Order of performance was crossed to avoid possible confounding 
effects.
For the jumping task, each subject attempted three standing, two footed 
jumps onto a closed ‘Olympic Gymnasium’ section box. The ‘low’jump was to the 
subject’s knee height (middle of the patella), the ‘middle’jump was at groin height 
and the ‘high’ jump was level with the subject’s illiac crest. Height of the box was
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varied by use of different sections and one or more gym mats. The ‘low’ condition 
is shown in photo two. Since each subject performed at a level dictated by his 
physique, it was felt that the effort required was comparable.
Photo 2: Subject in position two on the jump task (Low condition)
On the command “get ready”, the subject stood on a line approximately one 
metre from the box in a relaxed posture, arms by their side. A first, two second 
epoch was then recorded. This epoch provided a base line of sorts although 
subjects were, by then, indulging in probably task related cognitive activity. In 
response to the investigator’s instruction, subjects then took up a position in front 
of the box from which they could jump. When they were still, a second epoch was
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recorded. On the investigator’s count the subjects then took two preliminary 
‘swings’ before attempting the jump. Epochs three and four, each of two seconds, 
were recorded when the subjects were standing still and erect between the 
swings. This procedure was designed to match that used in the earlier karate 
study and produced a four epoch, progressive build up towards the moment of 
the jump. Changes across epochs were therefore presumed to be related to 
preparation for performance.
A similar procedure was employed for the leg extension task except that 
subjects were seated throughout. This task utilised a Nautilus leg extension 
machine with a weight of 30 Kg. This weight was selected by pilot study to induce 
a speed of quadriceps contraction similar to that involved in the jump. The layout 
for this task is shown in photo three.
Photo 3: Subject in position two on the leg extension task
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The first epoch was recorded as subjects sat, relaxed on the machine with their 
legs disengaged from the weight lever. On the investigator's command, they then 
engaged the appropriate leg on the lever. A second epoch was then recorded. 
Two slow warm up extensions with no weight were then completed to the count; 
epochs three and four were recorded in the moments of stillness between the 
extensions. Immediately following this epoch, subjects completed the leg exten­
sion, the weight having been engaged during the final recording phase.
In the kicking tasks, Ss had six attempts (three on each foot) to kick a soccer 
ball between two cones placed 30 cm. apart at a distance of seven metres. Once 
they had placed the ball, Ss stood ready to kick the ball with their eyes fixed on 
the target. On the command, they then completed the attempt, the result was 
noted and the ball returned for the next trial. A single, two second epoch was 
recorded during the moments of stillness immediately priorto the kick. Ss were 
allowed three practice kicks on each foot priorto the test. A subject's eye view of 
this task is shown in photo four.
On completion of the testing, Ss completed a questionnaire (shown as 
Appendix F) which required them to rate their performance on the tasks, rate the 
distinctiveness of the testing situation and report any attempted use of cognitive, 
or other preparative strategies.
As before, a short period of stillness was required before the recording was 
made. Body and eye movement (blinking etc.) were both checked visually by the 
investigators throughoutthe procedure although video film of subjects in the pilot 
study had displayed no such problems. Electromyographic (EMG) recordings of 
muscle activity at the various sites had already revealed levels almost identical 
with a normal standing posture.
6.3 Analysis of Results
The procedure described above yielded three matrices of data for each 
individual. The dependant variable was the relative quantity of activity or ‘power'
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Photo 4: Subject in the 'ready' position on the kick task
in the alpha wave band (8-13 Hz) across epochs. Due to the differing nature of 
the tasks, each category was initially analysed separately since it was thought 
that power differences due to the variation in motor demands would othen/vise 
confound results. As with the earlier karate study, recordings were examined by 
conventional, repeated measures ANOVA's completed by SPSSX under a multi­
variate set-up. This procedure also produces, as an option, a test of sphericicity; 
this being an assumption of the more powerful univariate set-up. If this test 
produced a significant result, the more robust multivariate result was used and 
this F value is reported (Norusis, 1985). Result from the various analyses are 
summarised in Table 7. Summary statistics of the data are presented in Appendix 
G.
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6.3.1 Analysis of the Jump Tasks
Cerebral activity prior to the jump tasks was examined by a series of 3 X 2  
(Task by Site) MANOVA's. No significant differences emerged from this analysis 
although there were notable differences in the subject variance between the 
different tasks. The hard jump recordings displayed much smaller standard 
deviations than the other jump tasks, perhaps because this task was more 
effective in engaging the subject’s attention. A number of Ss failed the hard jump 
but further analysis did not reveal any significant differences in activity between 
the successful and unsuccessful trials.
From the Ss' behaviour during the tests and the post-test questionnaire it 
was obvious that the hard jump had demanded effort and concentration. 
Accordingly, this task was used to examine the attempted use of cognitive 
strategies in preparation for performance. Subject’s temporal site data from the 
hard task was regrouped depending on their self reported attempts to use such 
strategies. The MANOVA in this case detected a significant difference between 
those who did and who did not utilise a cognitive strategy (F(1,20)=4.9, ^=.039). 
The temporal results are shown in Figure 21.
This result is of particular interest because it provides evidence of a 
relationship between self reported cognitive activity and its’ electrophysiological 
concomitants. These cognitions may involve self-talk, in which case the lower 
alpha power may be associated to speech centre, or result in slight body 
movements which inhibit the generation of Mu.
6.3.2 Analysis of the Leg Extension Task
The leg extension task was examined by 2 X 2 X 4 (Site by Leg by Epoch) 
MANOVA’s. The main effect of epoch showed significant changes in alpha power 
at the temporal and central sites (Temporal: F(multiv.)=5.37, p=.008; Central:
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F(multiv.)=4.406, p=.042) with the parietal results approaching significance at 
the criterion level. However, no other significant main effects emerged. The tem­
poral results are shown in Figure 22.
This linear decrease in alpha waveband power contrasts strongly with the 
results of the earlier karate study. In that asymmetrical power task, there was a 
significant increase in alpha power immediately before the task was performed.
6.3.3 Analysis of the Kicking Task
The kicking tasks were examined by 2 X 2 X 3 (Site by Foot by Trial) 
MANOVA’s. The only effect to reach significance was the Trial main effect 
(Temporal: F(multiv.)=5.10, p=.018) which also approached significance in the 
central site analysis (F(multiv.)=3.30, ^ =.084). This is surprising since it may have 
been expected that the foot used would induce some hemispheric differences.
Post hoc examination of the data suggested that the significant trial effect 
was due to differences in activity between successful and unsuccessful trials i.e. 
whether the ball passed between the cones or not. Accordingly a new data set 
was selected to provide examples of right footed, successful and unsuccessful 
kicks from each individual with the result being crossed to avoid any confounding 
order effect. Fourteen subjects satisfied these criteria and were selected. This 
new temporal data set was examined by a 2 X 2 (Site by Result) ANOVA. The 
results are presented diagrammatically in Figure 23.
The significant main effect of result (F(multiv.)=5.56, p=.035) is an impor­
tant finding since it may be evidence for a psycho-physiological precursor of 
successful performance.
The almost complete absence of any hemispheric differences as evidenced 
by significant site main effects suggests that none of the tasks generated an 
asymmetry of hemispheric activity, even when the task itself was asymmetric.
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Based on this result, it seems fair to suggest that all the tasks involved the whole 
body with the proviso that the mastoid data be accorded special attention.
6.4 Discussion
The failure of this study to replicate the alpha waveband power increases 
demonstrated by the earlier studies may be interpreted in two ways. The 
complete lack of significant results in the jump (symmetric power) task seems to 
suggest that the results obtained in the karate study and in part, the shooting 
study were due to the nature of the subjects rather than the task demands, i.e. 
as experts they were performing skills that were very overlearned and hence the 
cerebral activity due to control demands was minimal. The ‘opposite’ pattern 
revealed by the leg extension (asymmetric power) however seems to support a 
task related explanation. This apparent contradiction may be clarified by consid­
eration of the reasons underlying the observed effects.
In many of the studies revealed earlier, increased activity in the alpha 
waveband has been considered to represent a decrease in active processing 
although this inverse relationship has been challenged (e.g. Ray and Cole, 
1985). Under this assumption, performance of well learnt tasks will require less 
active processi ng and hence result i n greater alpha power. The leg extension task 
provides clear support for this hypothesis but the jump task does not.
An alternative explanation for observed increases in alpha band activity, 
outlined in study two, is thatthe changes are due to other signals with frequencies 
which lie within the 8-13 Hz window. The rhythm mentioned earlier, ‘Mu’ or SMR, 
may provide the answer. This rhythm, as mentioned earlier, is indicative of a 
conscious inhibition of movement which seems a reasonable preparation forthe 
shooting and karate tasks. As the earlier investigation reported, the electrode 
montage used would mitigate against the detection of these signals at the central 
sites if the locus of activity underlay the vertex (Cz) and the other central
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electrodes (C3 & C4). The detected decreases in 8-13 Hz power at the temporal 
and the central sites which preceded the leg extension task seem to support this 
explanation since the subjects certainly utilised all their body parts in perform­
ance. This position is still not conclusive however and further work was completed 
in an attempt to clarify matters.
Once again, no evidence has emerged for the existence of a differential 
pattern of hemispheric activity and the application of this popular notion to the 
complex motor tasks inherent in sport and physical activity (e.g. Syer and 
Connelly, 1984) appears to be untenable.
Whatever the reasons which underlie these effects, the other results of this 
investigation are of particular interest and applicability to those concerned in the 
psychological preparation of athletes. The significant differences in activity which 
precede successful and unsuccessful attempts at the kicking task merit further 
investigation. Such differences may be indicative of attempts to suppress certain 
kinds of cognitive activity since success was associated with higher levels of 
alpha band activity. This explanation was offered by Hatfield et al. (1984) In the 
shooting study. Alternatively, the physical and mental state necessary for 
success in this task may relate in some way to stillness, hence the higher levels 
which could be due to Mu/SMR.
The differences in activity which relate to reported use of cognitive strate­
gies may also explained by either of the two hypotheses although this data seems 
more supportive of the alpha blocking position. Use of a cognitive strategy would 
of course result in cognitive activity! The lower levels of alpha band power in this 
case may be representative of that activity. Introspection and loss of attention to 
visual stimuli has already been shown to increase occipital alpha power and as 
the literature review highlighted, such an increase may well project forward into 
the central and temporal areas.
The provision of a valid and reliable psychophysiological concomitant of
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task readiness would have obvious and far reaching consequences for Sport 
Psychology. Similar benefits would accrue from the detection of coping skill 
usage. Although the existence of such tests can only be tentatively advanced by 
this study the identification of physiological events which relate to self reported 
cognition is an important future direction for research.
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7. STUDY FOUR: EXAMINING THE EFFECT OF PRIOR 
EXPERIENCE
7.1 Introduction and Statement of the Problem
7.1.1 Introduction
Summarised briefly, the results of the earlier studies had shown that:-
a) From the Karate study
i) There is an apparent increase in alpha band activity immediately priorto 
the performance of an overlearned, asymmetric, high power task-breaking wood.
ii) The difficulty of the break task has a differential effect on the pattern of 
activity. This takes the form of less alpha activity in the preparatory stages of the 
harder break although levels in the final epoch are higher.
b) From the jump/leg extension/kick study:
i) The jumps, a symmetric task of varying power requirement, induce 
significantly different levels of activity although, at first sight, no pattern is 
apparent.
ii) The leg extension, an asymmetric high power task requiring no accuracy, 
induces a progressive decrlase in alpha as the subjects prepare for perform­
ance.
ill) A comparison of activity immediately priorto successful and unsuccess­
ful kicks at the target with the right foot (order effects cancelled out) shows a 
higher level of alpha before successful attempts. This task has a high accuracy 
requirement, is asymmetric but is low power.
iv) When performance on the hard jump is examined by whether sub­
jects reported the use of a cognitive strategy a significant difference emerges 
with those using the strategy displaying lower alpha.
Examination of the explanations put forward after study three suggests that
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only one is really tenable in the light of the results outlined above viz. increase in 
alpha band power is a feature of preparation for hard effort which is acquired by 
practice. The one problem with this is the increase in alpha observed prior to the 
hard jump. The only other alternative which seems to fit is that this effect is linked 
to the accuracy requirements of the task as well as the power output. This is 
shown by comparison of the jump and leg extension tasks. Both involve a leg 
movement of a similar speed but the jump requires a more accurate and co­
ordinated movement.
The final study in this project was therefore designed to compare the pattern 
of cerebral activity associated with performing power tasks of varying complexity/ 
accuracy. In addition, the design enabled the comparison of subjects familiar with 
the task demands with relative novices. The tasks chosen were based on skills 
from the game of Cricket. Three groups of subjects, of varying skill level and prior 
relevant experience, were required to throw a ball at three differently sized 
targets, namely a Cricket wicket, a 2M by 1M target and a large wall. The 
combination of prior experience level with varying effort and accuracy require­
ments was intended to clarify the extent of the effects observed earlier.
7.1.2 Questions to be Addressed
1. Will the three tasks induce a significant and consistant variation in the 
pattern of total cerebral activity, as measured by EEG alpha power across 
epochs?
2. Will significant differences in the pattern of cerebral activity, as measured by 
EEG alpha power across epochs, be apparent between the three groups and if 
so, will these differences show an interaction with the task requirements?
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7.1.3 Limitations and Assumptions
Once again, it was assumed that the ‘to the count’ protocol employed would 
not Interfere with the normal preparation strategies which the subjects would 
utilise. Task relevant cognitions were also assumed to be maximal In the final 
epoch I.e. Immediately priorto task performance. Cricket fielding usually Involves 
picking up, sighting and throwing the ball In one fluid action so the experimental 
procedure did involve a change from the actual real life situation. Examination of 
this sort of movement however would hold no guarantee that subjects were 
concentrating priorto the actual movement. Furthermore, pilot study had shown 
that subjects found it very hard to prevent the ball-target-ball attentional pattern 
which is normal in this situation. The consequent movement would be unaccept­
able In an EEG study.
7.2 Method
7.2.1 Subjects
Subjects were twenty four, right handed, Ipsllateral dominant males In three 
groups. All were students In higher education (mean age 20.6 years) who were 
recruited by personal contact. Group one consisted of Individuals who had played 
cricket to at least county schoolboy level. Four were currently‘signed’to a county 
and all were active at senior club level upwards. Group two were all Physical
Education or Sport Studies students, active In a variety of sports but with little or\
no background In cricket. Schoolboy experience In teams beyond the second 
year disqualified them from this group. Subjects In group three were drawn from 
the non-sporting student population. None of this group were playing any 
organised sport although some did participate on a recreational level. None had 
represented their school at any sport, at any level.
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7.2.2 Instrumentation
Instrumentation, calibration and criteria were Identical to those used earlier. 
The update of the analysis software Incorporating a different calculation tech­
nique for F FT mitigated against direct comparison of results between studies.
7.2.3 Procedures
On arrival at the testing site, subjects completed the informed consent form 
and where necessary, changed into sports kit. They were then wired using the 
montage and techniques described earlier. As before, all subjects satisfactorily 
completed a series of ‘tests’ to confirm their right handed, ipsilateral status. 
Following a briefing and short warm up, subjects completed three tasks, order of 
presentation was crossed as before. Subjects were allowed six preparatory trials 
on each task.
The three tasks were as follows. In the hard throw condition, subjects threw 
a pudding ball (like a soft cricket ball) against a wall as hard as possible from a 
distance of 18 metres (a cricket pitch length). The ball could strike the wall 
anywhere but subjects were verbally encouraged to throw as hard and directly as 
they could manage. This task was similar to a deep fielding return but Is also 
similar to more general physical tasks. In the middle condition, the situation was 
as above but the ball had to strike a large, two metre square target. In the third, 
‘wicket’ condition the ball had to strike a standard size wicket. This Is obviously 
a specific cricket task.
On the command ‘face the wall’, subjects stood relaxed behind a line 18 
metres from the wall with the target to their left. The wall they faced was blank. 
When they were still a two second epoch was recorded. This position is shown 
in photo five.
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Photo 5: Subject in the 'face the wall' position 
On the command ‘take a ball', subjects leaned forward and took a ball which was 
set up for them on a 50 cm. high stand. They then stood still as before, facing the 
blank wall with their hands by their sides. When they were still a second epoch 
was recorded. In response to the final instruction ‘ready’, the subject assumed a 
position facing the intended target with their right hand raised. The final epoch 
was then taken. This position is shown in photo six with the wicket target in place.
Photo 6: Subject in the 'ready' position (Wicket condition)
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On the command ‘now’, the subject released the ball. They were told to respond 
immediately to the final command and to attempt to hit the target as soon as the 
word was given. Appropriate performance measures were taken and noted. On 
completion of three experimental trials on each task, subjects completed a post 
test questionnaire (shown as Appendix H) In which they were asked to comment 
on any distraction due to the testing situation and report any cognitive strategy 
which they had attempted to use.
Analysis of the results was designed to compare recordings from the 
different tasks and detect a group X task interaction which could be indicative 
of differences attributable to prior experience.
7.3 Analysis of Results
This procedure yielded a 3 X 8 X 3 X 3 X 3  (Group by Site by Task by Trial 
by Epoch) matrix of data with repeated measures on the last four factors, in this 
study, task demands were comparable but the problem of electrode distance 
from the reference still confounded comparison between pairs of sites. Initial 
analysis was therefore completed by four 3 X 2 X 3 X 3 X 3 (Group by Site by Task 
by Trial by Epoch) MANOVA’s. As before, the more powerful univariate result is 
reported except when a significant Mauchley test revealed violation of the 
sphericity assumption. In this case the more robust multivariate result Is reported. 
Examination of the Initial results showed no significant main or interaction effects 
involving trial. To simplify matters therefore, results were collapsed across trial 
for graphic representation and Interpretation of the data. Hence the patterns 
displayed In the figures below are based on the means of activity during the three 
trials. The statistical results reported however, remain those yielded by the main 
analyses described above. The results of these various analyses are summa­
rised In Table 8. Summary statistics for all data pertinent to this study Is presented
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in Appendix I.
Temporal results are displayed graphically In Figures 24, 25 and 26. The 
clearest result seems to be the Increase In alpha power apparent In the last 
epoch, that Is Immediately prior to the throw (Epoch: F(2,42)=4.16, ^=.022). 
There are however, significant differences to this pattern as the Interactions and 
close to significance group main effect demonstrate (Site X Task X Epoch: 
F(mult.)==3.57, £=.026; Group: F(2,21)=3.17, £=.062). In all the conditions the 
cricketers display a fairly homogeneous pattern of activity (the site difference in 
the hard throw condition is not significant by follow up). They also display a 
smaller change across epochs that the other two groups, perhaps because they 
were engaged in task relevant, mental build up in all epochs. The sport group 
display a similar pattern although the increase in power in the last epoch is greater 
in all conditions. The non-sportsmen by contrast, displayed a latéralisation of 
activity In the wicket task with a significant increase in left hemisphere power 
whilst right activity remained constant. The mastoid results, none of which were 
significant, displayed a very similar pattern to the temporal.
The results from the central sites are displayed In Figures 27, 28 and 29. 
Once again, the cricketers display a fairly consistent pattern of activity across 
tasks with a similar, though smaller Increase In alpha power In the last epoch. The 
other two groups however display a much more variable pattern with significant 
differences between tasks and sites (Task: F(mult.)=3.55, £=.048; Epoch: 
F(mult.)=9.12, £=.002; Site X Task X Epoch: F(mult.)=5.157, £=.006). Both the 
sport and non-sport groups display significantly greater power In the right 
hemisphere during the final epoch of the hard and middle throws. This may reflect 
the predominantly right handed nature of these tasks since these sites overlie the 
motor strip. The cricketers, with their greater skill level may more fully employ the 
left side of the body as well as the rig ht-he nee the lack of a site effect. 
Consideration of the wicket task does complicate matters. In this case both
93
üi en roo roen
[]
H —103
0 030 30
0 07s 7s
d  5!
0 ) (73
O O
d  d
Z  ZO oz z
(73 03
O O
^ 5
O
0
1
t] t
03
"D
0
gm
D
z
>rTJ1  >Im
>ZD
T|
( û ‘C
""%(Dro
■D -1
?  5 ‘Ë. 7T5 S
Q _
H
z r
94
[]
H HW ■i^
O O30 30
O O7s 7s
El H
H H03 4^
03 03U ■DO 030 XH H
d  dZ  20 o
1  l
o o
23 ^
o r o 4 i ^ o ) o o o r o - p » > o )
T |mmmm ■
C Ûc
- 1(Dro
CJl
- I  ■ ■
g  OII-u Y"o
? CL 
Q .
(D
H
3 "
—1
O
95
O I \ ) 4 ^ G ) O O O I \ ) 4 ^
[]
H HCO 4^
O O30 30
O O7s. 7\
î|
"H HCO 4^
03 0)T) -0O O33 uH H
d  ^  
o o
î  I
o o
? 5
m
T I
O  K)
0
1
"D
§m33
z
>rTI
X
>ImCD>zo
n
wmm aCÛc
(D
s s
H
u
96
2 8o o 2  2
R R
q
O OCO
CO (0“D "D
0 0
D 33H H
96
2 8 
Z  Z
?  ?CO à)
O O
? 5
(D
T Immmm ■CQC
(Dro
v j
® O  
| 5 -:: 7T
^  I
I
m  
a
H
3"
97
O I \ ) 4 ^ 0 ) C O O r 0 4 i s > 0 )
[]
2 8o o 
2  2
2 S
El El
) (  - -
2 8
CO CO
o o
5 5
o o4^  CO
iiCO CO
o  O 
? ^
m
D
O  i\)
0
1
CO
"0
0
§m
X
z>r"D
X>
1m
00>
T I
■
( ûC
- 1(Dro
CO
■  mgo
3
O
7CCD
m
no
CD =
aQ.
CD
H17
98
l\) 0) CO ro
o o
f». Ca3o o
2  2
R R
)c - -
2 8CO CO
o o 
^ ?
o oCOZ Z
? iCO CO 
O O 
? ?
m
"0O
0
1
00
D
m
J3
z>r"0I>ImOP>z□
■n
mmm mCQC
(DroCD
0 )
H
3 -
99
groups display the reverse, i.e. an increase in left site power whilst the right side 
stays constant. This is very similar to the findings of Hatfield et al. (1984) and may 
reflect the use of the right brain's hypothesised superiority in pattern recognition 
(target related) tasks. Such an explanation would be more tenable if the expert 
group also displayed such a pattern but they do not.
The parietal site analysis yielded only one significant result, a Group by Site 
by Epoch interaction (F(4,42)=3.65, p=.012). Results are displayed in Figures 30, 
31 and 32. The cricket group again display a consistent pattern of activity across 
tasks which, in this case, reflects no change across epochs. The non-sport group 
also reflect a consistent pattern and only the sport group display any differences. 
In all tasks the left sites display a significant increase in alpha power in the final 
epoch. In both the hard and wicket conditions, the right side power decreases 
across the epochs whilst i n the middle task it i ncreases. None of the explanations 
tendered so far can fully account for this differential pattern. Since the parietal 
area is concerned with monitoring of movement induced feedback and the 
movement should be virtually the same in every condition, the differential pattern 
Is surprising. Indeed, given the right handed nature of the task, one would expect 
the left hemisphere to be more active. Perhaps the effect is due once again to mu/ 
SMR generated by the conscious inhibition of right handed movement.
In the previous studies, the result of the performance has seemed to have 
some psychophysiological concomitant. Accordingly, a sub group of subjects 
was selected who had achieved both success and failure in the two conditions 
which offered a clear result i.e. the middle and wicket tasks. An additional criteria 
was to negate any order effect by choosing equal numbers of subjects who 
succeeded and then failed and vice versa. Not surprisingly, the six subjects who 
metthese criteria all came from the cricketer group. This data was then examined 
by use of four 2 X 2 X 2 x 3 (Site by Task by Result by Epoch) ANOVAs with follow 
up once again by use of the Tukey test. The results of these analyses are shown
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in Table 9 and presented graphically in Figures 33 to 40.
At all sites, one trend, sometimes significant sometimes not, seems clearly 
associated with performance of the wicket task (Site X Task X Result X 
Epoch Temporal F(2,10)=4.9, p=.032; Parietal F(2,10)=4.13, p=.049. Mastoid: 
Site X Result F(1,5)=7.05, p=.045). As with the kicking task in the third study, 
successful performance is associated with an increase in alpha band power at 
both sites whilst unsuccessful performance is evidenced by a power decrease or 
no change. The other effect apparent is the task by epoch interaction which is 
significant at two of the four paired sites (Temporal: F(2,10)=4.68, p=.037; 
Central: F(2,10)=6.39, p=.053). This is due to the differences in the pattern of 
activity between the two tasks and may well represent the different strategies 
which the group (all cricketers) used.
Examination of the post test questionnaires yielded some very useful 
information. The cricketers all found the tasks, which had been designed to be 
sport specific, a little odd. They were used to picking up, sighting and throwing the 
ball in one movement and the enforced stillness, a requirement of the study to 
facilitate artifact free recordings, was a distraction. They did however, feel that 
they had performed to their own level of ability and that the test conditions had 
not disrupted their preparation in any way. This is slightly disappointing since a 
major aim of the investigation was to maintain an ecologically valid environment 
but the tasks were, according to the self report, performance measures and 
subject behaviour, effective in engaging the attention of the subjects. Cognitive 
strategy use was common in the cricket group during performance of the wicket 
task. Most subjects in this group attempted to use a sighting strategy, usually 
involving the left hand as a sight. As in the other studies, subjects did not find the 
testing situation /equipment etc. a major distraction.
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7.4 Discussion
Although the results of this study are not as clear as those from the earlier 
work they still offer useful information about the scope and nature of alpha 
waveband activity prior to task performance. The temporal data shows that the 
general increase in power immediately prior to performance is apparent in this 
task as well. The consistency of the cricket group is apparent despite their self 
reported problems with the pace of the task. The site effects detected in the other 
groups may well be due to self talk or even, given the lack of application apparent 
in the non-sportsmen, task irrelevant cognitions. Observation of the different 
styles employed by the groups may explain the differences. The cricketers, not 
surprisingly, were very consistent throughout. The ball was thrown fast all the 
time with a very direct flight path. The sport group changed strategy for each task. 
The hard throw was just that, the middle condition was a fast lob and the wicket 
throw was a very slow and delicate pitch. The non-sportsmen used a similar, low 
effort technique for the hard and middle throws and only seemed to concentrate 
on the wicket condition.
The central results, with the exception of the wicket condition, are strongly 
supportive of the mu/SMR explanation. The sport and non-sport groups may 
display a latéralisation of activity because of the need to hold the right hand still. 
The wicket condition is an exception to this and must be considered in the light 
of other EEG task related investigations. In all conditions, the cricketers used their 
left hand as a sight and hence display no site differences.
The parietal results are notable for the higher levels of alpha waveband 
power displayed by the sport group. This group of subjects were certainly trying 
hard and the high levels may well be due to mu/SMR. The lack of such an effect 
in the cricketers may reflect their greater familiarity with the task and or the 
monitoring/internal comparison of feedback in preparation for the task. The non­
sport result may reflect the lack of any pre-performance strategy. Subjects in this
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group may have just stood in position and only engaged in task relevant 
cognitions when the command to throw was given. This may not be entirely due 
to a lack of interest-the subjects in this group were very ‘motor unable'.
Consideration of the ‘results’ analysis must be tempered with caution 
because of the relatively small number of subjects. A clearly significant result 
effect would of course, have provided much clearer support for the power 
increase/task success link postulated earlier. However the difference between 
success and failure in these tasks was very small and the most notable 
characteristic of the expert group (from which all the subjects came) was their 
consistency of performance. Even so, the same trend as the earlier kicking task 
appears here and provides tentative support for such a link being a feature of high 
accuracy tasks.
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8. FINAL CONCLUSIONS AND DISCUSSION
8.1 Summary of Conclusions
Conclusions from the various studies may be summarised as follows. With 
respect to non-physical tasks, certain patterns of EEG activity are reliably 
associated with self reported cognitions induced by specific cognitive tasks. 
Furthermore, in keeping with recent theories of hemispheric specialisation, 
cognitive tasks can be designed which appear to differentially enagage the 
cerebral hemispheres.
In virtually all the physical tasks investigated, cerebral activity was exam­
ined in the build up to performance, not during it. In terms of temporal site activity, 
there appear to be three categories of task, each of which has an associated 
pattern of alpha band activity. In high power, low accuracy tasks which Involve 
large body movements, alpha activity is attenuated in the moments preceeding 
task performance. This effect was observed in both the hard jump and leg 
extension conditions. The second category of tasks require high power but have 
a reasonable accuracy requirement. For subjects familiar with the tasks, alpha 
band power increases in both hemispheres in the moments preceeding perform­
ance. This effect was observed in the Karate break task and in the cricket study 
for subjects in the high ability groups. The third category of tasks, though poorly 
represented in these investigations, seems to be the type most commonly used 
in other studies. Low power tasks i.e. movements which are performed more 
slowly either because of accuracy requirements or by deliberate strategy, appear 
more likely to engender the lateralised pattern of activity typical of the American 
findings. In the present work, this is represented by the non-sportsmen's perform­
ance on the wicket task in which a very slow, delicate lob was used. The kata tasks 
from study two also yielded significant site interactions in the temporal and mastoid 
data although this effect was not apparent at the other sites. In all cases of 
significant site effects, alpha power was higher on the left. The shooting, basket­
ball and golf studies reported in the review are other examples of this category.
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Central and parietal site results in the Karate and jump/extension studies 
tended to reflect a similar trend to the temporal results although these effects 
were often non-significant. The exceptions to this were the rotor task in study two 
which induced a significant site effect. In the cricket tasks however, for the sport 
and non-sport groups, the hard and middle throw conditions generated a left side 
increase in alpha power whilst the wicket task led to the opposite, viz an increase 
in the right side. The cricket group's response in all conditions displayed no such 
latéralisation of activity and matched the temporal results.
In terms of the results obtained in the various tasks, successful performance 
seems to be associated with an increase in alpha power in the final epoch. This 
effect, sometimes significant, sometimes not, was apparent in all the conditions 
which involved some degree of accuracy. This included the break, kicking and 
middle/wicket sections of the cricket task. The other tasks were either not suitable 
for a clear success/failure split (e.g. Kata or the leg extension) or displayed no 
apparent pattern in the cerebral activity under the two outcomes.
The differences in the pattern of activity associated with successful and 
unsuccessful performance demonstrate the need for consideration of perform­
ance measures in studies of this kind. Both successful and unsuccessful trials 
contribute to the means typically used to examine cerebral activity across a 
number of trials. If the result is indicative of differences in the pattern under 
examination then both outcomes must be examined separately to avoid the 
confounding effect on an already complex phenomenon.
8.2 Discussion
One majortopicforfurtherdiscussion isthe contrast between the results obtained 
in this investigation and the series of hemisphericity based investigations, 
decribed collectively here asthe ‘American studies’. All these studies, which have 
involved small precise movements, have pointed to the superiority of the right
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hemisphere for control of those tasks as the primary reason for the observed 
effects. In spite of the work of Olivan et al. (1984) which showed no power change 
differences between left or right hand movements, this explanation is attractive 
too many. Several researchers (though none recently) have suggested actual 
hemispheric advantages for athletes, based on structural organisation (Guiard, 
1981 ; Porac and Coren, 1981 ) and these suggestions have spawned a series of 
studies aimed at demonstrating this advantage (e.g. Rossi and Zani, 1986). The 
present investigation however has shown that for most sporting movements, no 
latéralisation of activity is apparent, at least in the moments preceeding perform­
ance. As mentioned earlier, the ‘processing subsystems' theory propounded by 
Kosslyn (1987) explains why such lateralised effects are not a consistent 
phenomenon. The data from this investigation are highly supportive of the 
suggestion that all but very minor motor tasks involve control subsystems from 
both hemispheres. In fact, recent work by Frith, Friston, Liddle and Frackowiak 
(1989) suggets that such EEG evidence for latéralisation may be totally con­
founded. Using PET scanning to examine the cerebral activity associated with 
verbal tasks. Frith et al. found that spontaneous word production led to activation 
of the left prefrontal cortex and a reduction in activity in temporal lobe structures 
on both sides. In the light of this complex patterning, associated with a compara­
tively straightforward task, the evidence for latéralisation based on small mon­
tages and single site changes must be questioned. There is some evidence for 
the consistent use of certain subsystems by ‘expert’ performers in the second and 
fourth studies of the present investigation. In both cases, increases in 8-13 Hz. 
activity were apparent prior to the movements and although this finding is 
complicated by other factors it does seem representitive of such a system in 
preparative strategies. One possible line for future work could be to examine the 
link between this feature and the EVP detected time periods which have been 
demonstrated in self paced motor tasks (Papakostopoulos, 1978b)
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Since the present investigation examined only alpha waveband activity, chal­
lenges to the low activation interpretation of such activity must be considered. Ray 
and Cole (1985) see alpha activity (recorded from parietal and occipital sites) as 
indicating the level and direction of attention. Attention to external stimuli results 
in attenuation of alpha. If this is so, the rifle shooting study of Hatfield et al. (1984), 
which yielded an increase in left occipital alpha prior to trigger pull is hard to explain. 
Right eyed marksmen would obviously be attending substantially to stimuli from 
the right eye whilst the left was closed or patched out. How can this be reconciled 
with the low attention explanation for alpha increase? The position of Klimesch et 
al. (1989) also fails to explain this data since increases in high band alpha would 
indicate a lack of cortical activation. In any case, attentional demands within each 
of the ‘sub-studies’ were relatively consistent and in fact, alpha decreases are only 
associated with those tasks involving low external attentiveness viz. the leg 
extension tasks. Notwithstanding this, the use of alpha as a general index of 
cortical arousal is increasingly criticised in the literature (e.g. Petsche, Pockberger 
and Rappelsberger, 1988a; Petsche, Rappelsberger and Pockberger, 1988b) 
and explanations of the observed effects are best related to a ‘primary’ source.
On the basis of the series of studies therefore, I would suggest that the 
observed effects are due to a centrally sited generator of 8-13 Hz activity (which 
may be mu or SMR) which seems to be an indicator of isometric ‘motor engage­
ment’. With the exception of very high effort, low accuracy tasks there appears to 
be an increase in 8-13 Hz power which is, in some way, associated with perform­
ance preparation. However, this effect is also absent from preparation for some 
delicate, slower tasks in which the subject seems to be making fine adjusting 
movements right up to the last minute, even though these ‘adjustments’ are not 
overt. Indeed, the lack of mu in this case may represent the anticipation of 
feedback phenomenon observed by Chatrian (1976). The attentive ness dimen­
sion, another contradiction to the work of Ray and Cole, is demonstrated by the 
associations between success and high alpha power in the various tasks used.
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8.3 Implications for Sport Psychology
The importance of a psychophysiological indicator of an appropriate mental 
state for skilled performance has been stressed throughout this investigation. 
Whilst the provision of such a usable and reliable measure is still some way in the 
future, there do seem to be very positive indications within the results that such 
a measure could be developed. Such a technique would be an invaluable tool for 
mental skills training programmes. In addition, given the wide variety of tech­
niques available, such a measure may aid research into which factors play the 
crucial role in enhancing performance; an aim which has been identified as 
crucial to the long term development of this sub-discipline (e.g. Nideffer, 1981 ; 
Unestahl, 1984).
An associated benefit of this investigation may also be that the many 
hemisphericity based techniques currently in use by some consultants will be 
examined more critically. Some Sport Psychologists have unfortunately ignored 
the research findings of mainstream psychology and the use of right brain 
coaching techniques (Syer and Connolly, 1984), some very questionable coun­
selling techniques (Grinder and Bandler, 1976) and other similar‘fringe activities' 
has been rife. The need for hard evidence before long term programmes are 
initiated has been stressed by many researchers (e.g. Madden and McGown, 
1988). Psychophysiology offers a very real potential, identified by Landers and 
Hatfield (1983), for more objective examination of psychological processes in 
sport and more widespread use may help to eliminate the weaker elements from 
this young discipline.
The quietening of cerebral activity and physical stillness in task preparation 
which this study has suggested sit well with anecdotal evidence of elite perform­
ers in a wide variety of sports (Hemery, 1986). It also fits well with the recent trend 
in the motor skills literature which has used a variety of techniques and global 
strategies in an attempt to improve the speed and accuracy of skill acquisition
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(Thomas, French and Humphries, 1986). Although the evidence from the few 
learning situations incorporated in this investigation is unclear, the use of 
readying procedures by better performers is apparent and hence the inclusion of 
such techniques in learning strategies (e.g. Singer and Suwanthada, 1986) is 
supported.
8.4 Recommendations for Future Study
The primary requirement for future work in this area is based on the need 
to accurately identify the exact causes for the effects observed. As mentioned 
earlier, the ‘American’ studies have based their explanation on a hemispheric 
processing basis, assuming the alpha power at temporal sites to be indicative of 
low levels of activity. The present series of studies however, have seen mu/SMR 
activity as the basis for the total (i.e. both hemisphere) pattern observed in many 
of the tasks. Future studies must utilise a larger montage based on a different 
common reference or, perhaps, bipolar (Binnie, Rowan & Gutter, 1982). A 
common reference would obviously have to enable comparisons of motor strip 
activity and a frontal site such as Fz or a non-cephalic reference such as the nose 
or even the chest should be used. Each option has its’ advantages and 
disadvantages. The choice may well depend on the nature of the task examined 
and the relative problems posed by eye, facial and EGG artifact. A more 
advanced equipment set up is also highly desirable. Extra channels could be 
usedto monitor muscularactivity, the biggest problem in thistype of investigation. 
The use of an FM recorder would facilitate the post hoc examination of the 
recorded signal so that contaminated epochs could be eliminated entirely. Use 
of small cassette sized recorders would eliminate many of the problems experi­
enced with wire movement and equipment ‘cross talk’ plus the obvious advan­
tages to keeping the studies ecologically valid.
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The crucial task of identifying the exact nature of the 8-13 Hz. waveform 
detected in this study is not quite as simple as the literature may suggest, given 
the procedure imposed in this investigation. The problem hinges around the 
positive identification of the waveform as either 'true' alpha, mu or some other 
signal of a similar frequency. In clinical EEGs, differentiation is made by engaging 
the contralateral hand or foot in some movement, an activity which results in the 
E.R.D. described earlier and the disappearence of the waveform if it is mu. Given 
the need for ecologically valid tasks and keeping the demands on subjects as 
'normal' as possible, requesting finger movements in the middle of a high 
attention task such as a break is not an option. The other procedure suggested 
is the visual observation of the waveform itself to see if it matches the typical 
wicket shape from which mu gets one of its names. This imposes the need for a 
highly trained EEG specialist and actually negates the use of a digital technique 
such as FFT. Additionally, this visual check may also be flawed since, as earlier 
references have shown, the discrimination of alpha projected forwards from its 
occipital source may not even be possible. Finally, some authors have suggested 
the use of an alpha/theta ratio based on central site recordings which, it is 
suggested, will provide a discrimination between the specific mu rhythm and the 
more general disengagement effect associated with occipital alpha. Unfortu­
nately, this option will also generate results which will be confounded by the 
choice of reference problem discussed earlier. A focus of activity which underlies 
both reference and probe electrodes will confound the balance of different 
waveforms. Although ratio measures based on central V parietal sites may be 
used, the comments made in Chapter four still apply and the use of ratios as a 
procedure is fraught with difficulty.
Given these limitations, the positive identification of the underlying wave­
form seems to depend on montage and certain methodological considerations. 
In cases of initial investigation or preliminary screening, Binnie et al. (1982) 
suggest the use of a common reference montage in which the averaged signal 
from all
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active electrodes is used as the reference. However, this option localises foci by 
use of amplitude and phase changes in the raw signal and would require a totally 
new analysis technique. Furthermore, common average and source reference 
derivations typically employ at least sixteen channels.
With regard to the choice of common reference, earlier discussion has 
already highlighted the problems. There are however, substantial advantages to 
a midline reference which fit well with the requirements of this investigation. This 
approach provides good display of waveform and detection of activity reduction 
together with, given the right reference, good localisation of foci. Beaumont 
(1983) sees the midline reference as a problem in cases where ".... two signals 
are out of phase or in cases where signals of interest may underlie both sites." 
The latter is, of course, the problem presented by the present study. Midline 
references may still be useful however if, as already described, the right one can 
be found.
Within the current limitations imposed by equipment therefore, the best 
option would appear to be two, four site anterior-posterior strips based on a 
midline reference which is either non-cephalic or selected to provide signals
Two other minor considerations revolve around the selection of tasks and 
the need for examination of other frequency bands within the signal, especially 
Given the leakage problems which may occur with short epochs, future investi­
gations should utilise tasks which faciliate longer recording epochs. Although 
short, two second epochs are common in the literature (e.g. Petsche et al., 
1988a), longer recordings will avoid the possible artifact which the sudden onset 
of signal imposes via the FFT. Finally, given the obvious need for examination of 
beta in future studies, more EMG based investigation is required to quantify the 
extent to which such signals may contaminate the EEG recordings.
In terms of the types of skills which merit further investigation, Golf, Snooker
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and Field events all offer interesting potential directions. Indeed, Golf has been 
the sport used in the most recent American studies; results being very similar to 
the earlier Hatfield et al. (1984) studies. Whether this consistency in result is a 
product of the involvement of one particular investigator in all the studies is 
another question.
The tie up of movement related studies which have used the Bereitschaft 
potential (BP), movement potential (MP) or contingent negative variation (CNV) 
with background EEG studies such as this one is another area worthy of 
consideration. Recent investigations, particularly those utilising slow potentials 
have suggested the important role of such activity in tracking accuracy (Cooper, 
McCallum and Cornthwaite, 1988), skill acquisition (Deecke, 1990) and the 
muscular force involved in movement (Nishihira, Araki and Ishihara, 1989; 
T rimmel, Streicher, Groll-Knapp and Haider, 1989). In the light of the results from 
the present study, investigations into the relationship between these various 
electo-potentials seems a fruitful topic for further study.
The existance of a ‘success pattern’ suggested by this investigation may 
also lead to comparisons with patterns of electrocortical activity which are 
associated with task irrelevant or even disruptive cognitions (Carter, Johnson 
and Borkovec, 1986).
Finally, in view of the recent studies which have questioned the validity 
of the ‘traditional’ EEG frequency bands (Lorig and Schwartz, 1989), future 
studies should perhaps employ a factor analysis approach to the total (i.e.1- 
40 Hz) signal or at least consider higher frequency bands in association with 
alpha frequency activity (Ray and Cole, 1985).
Æ
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APPENDIX A
NOVEL COGNITIVE TASKS USED IN STUDY ONE
1. Comprehension
“A very large number of these signals arrive in the visual field of the brain, where 
the object is ‘seen’. It is at this point that the object first takes on an identity for the 
brain. It is the brain which sees, not the eye. The pattern of signals activates 
neurons whose job it is to recognise each specific signal. The cognition or 
comprehending of the signal pattern as an object occurs because the pattern fits 
an already existing structure. Reality, in one sense, is in the brain before it is 
experienced, or else the signals would make no sense.
The brain imposes visual order on chaos by grouping sets of signals, 
rearranging them, or rejecting them. Reality is what the brain makes it. The same 
basic mechanism functions for the other senses. This imposition of the hypothe­
sis on an experience is what causes optical illusions. It also modifies all forms of 
perception at all levels of complexity. To quote Wittgenstein once more, ‘You see 
what you want to see’.”
From James Burke ‘Connections’
Typical question:
‘‘In what way does the brain impose order on chaos?”
2. Left Simple 
DOG 
RHINO 
SNAKE 
PLUM 
CAT 
LION 
Question:
‘‘Which is the odd one out?”
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3. Left Complex
GENEROUS
KIND
EMPATHIC
HONEST
THRIFTY
LOYAL
Question:
“Which is the odd one out?”
4. Right Simple
Question:
“Was this shape present in the first display?”
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5. Right Complex
Qestion:
“Was this shape present in the first display?”
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APPENDIX B
MEANS AND STANDARD DEVIATIONS FROM RAW DATA: STUDY ONE
T3 T4
Mean S.D. Mean S.D.
LSIM 22.9 18 24.2 22
LCOM 25.2 20 24.9 18
COMP 28.5 16.9 31.6 19.4
RSIM 32.6 24.1 33.7 20.3
ROOM 31 29 34.9 28.4
FDEP 23 11.9 27 17.8
ROTR 53.8 30.2 52.4 29
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APPENDIX C
K. C. O l d ih  1.1)
Xlcil ica l Research C ouncil Speech Contniunieaiion Unit 
E D I N B U R C l !  H A N D E D N E S S  IN V E N T O R Y
Surname ..... G iven Names
D ale  o f Birih. Sex
Please indicate your preferences in the use o f hands in the following activities by p u f f in j ' - f  in  the 
ap p ro p rio te  co lum n. W here the preference is so strong that you would never try to use the other hand 
unless absolutely forced to, pu t +  +  . I f  in any case you arc really indillerent p u t +  in  both columns.
Some o f the activities require both hands. In  these cases the part of the task, or object, fo r w hich hand 
preference is wanted is indicated in brackets.
Please try to answer all the questions, and only leave a blank if you have no experience at all o f the 
object or task.
L E F T R IG H T
1 W ritin g
2 D raw in g
3 T hrow ing
■ 4 Scissors
5 Toothbrush
6 K n ife  (w ithout fo rk)
7 Spoon
8 Broom  (upper hand)
9 S triking M atch  (m atch)
10 Opening box (lid )
1 W hich foot do you prefer to kick w ith?
ii W hich eye do you use when using only one?
L.Q. Leave these spaces blank DECILE
MARCH 1970
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APPENDIX 0
NAME....................  GRADE.......
POST EXPERIMENT QUESTIONNAIRE
In answering these questions you should use this numerical scale where 
appropriate.
poor performance Excellent performance
or not at all or very much so
1 2 3 4 5
1. Prior to, ordering the experiment did
you find that the situation (equipment,___________________________ ________
wires etc.) distracted you at all? Rating of 1 -5
2. How well did you perform the SANGHIN kata? ________
3. How well did you perform the KANKU DAI kata? ________
4. How well did you perform the easy break? ________
5. How well did you perform the hard break? ________
6. How confident did you feel about the
Karate tasks which you were asked to perform?__________________ ________
7. How confident did you feel about the 
learning task (pursuit rotor) which you 
were asked to perform?
8. How confident did you feel about
the mental tasks which you were asked 
to perform?
9. What mental strategies (if any) did 
you try to use in order to prepare for 
and perform the katas?
10. What mental strategies (if any) did 
you try to use in order to prepare for 
and perform the breaks?
Thank you for your co-operation.
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APPENDIX E
MEANS AND STANDARD DEVIATIONS FROM RAW DATAiSTUDY TWO  
TEMPORAL RESULTS
T3 T4
Mean S.D. Mean S.D.
EASY BREAK 
1 35.2 15.4 35.3 12.8
2 40.9 18.8 37.9 18.5
3 38.9 15.6 25.4 10.6
4 43.6 18 33 20.8
HARD BREAK
1 38.2 19.7 26.5 16.4
2 28.7 23.5 22.9 13.5
3 22.3 12.1 27.3 11.5
4 49.8 18 48.6 17.2
EASY KATA
1 39.5 20.1 46.3 14.9
2 37.6 22.6 30 17.5
3 44.4 28.8 24.7 20.8
4 32.8 20.3 36.8 19.7
HARD KATA
1 50.3 29.3 41.8 29.7
2 31.1 18.3 27.1 9.4
3 33.3 17.6 28.8 15.94 35.4 30.8 31.9 23.1
COGNITIVE TASKS: LEFT 
1 27.9 10.8 26.6 14.4
2 37.9 12.7 35.6 24.5
3 21.1 10.8 27.2 14.5
4 17.5 11.4 34 15.5
RIGHT
1 25.7 12.8 22.4 17.4
2 24.9 13.6 32.4 17.3
3 25.5 17.8 22.4 11.7
4 47.5 27 28.5 20.2
ROTOR: FIRST RUN 
1 63.9 29.2 49.4 23.6
2 34.1 12.6 38.7 17.1
3 38.2 10.4 34.6 12.2
4 33.7 15.5 32.1 14
ROTOR: SECOND RUN 
1 21.8 14.6 25.2 10.4
2 23.7 15.7 21.2 11.1
3 26.2 17.7 16.2 11.24 24.8 14.1 20.2 11.4
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MASTOID RESULTS
AI A2
Mean S.D. Mean S.D.
EASY BREAK
1 40.8 24.7 56 23.82 44.4 25.6 93.6 473 82.7 39.7 168 474 104 33.2 180 43.3
HARD BREAK
1 42.8 14.5 52.6 20.72 41.5 20.9 68.6 38.33 67.8 39.8 167 574 125 47.1 202 60
EASY KATA
1 77.4 20.4 91.2 34.62 47.6 20.9 59.4 31.93 46.3 24.7 53.2 29.74 47.5 17.3 62.1 27.7
HARD KATA
1 86.5 38.6 129.1 43.62 42.9 24.4 51.2 21.93 84.3 44.7 84 41.14 61.4 34.3 72.7 26.9
COGNITIVE TASKS: LEFT
1 34.3 15.5 56 24.72 49.2 16.9 55.5 293 25.5 12.5 36.7 21.94 23.6 9 42.3 17.9
RIGHT
1 28 13.6 32.9 192 28.9 9.5 48.1 20.53 21.4 10.5 31.9 18.74 30.4 13.9 32.6 17.9
ROTOR: FIRST RUN
1 52.6 24.2 87.7 38.12 49.4 24.5 72.9 39.73 55.4 25.2 64.5 34.34 43.1 22.6 68.1 35.4
ROTOR: SECOND RUN
1 46.3 29.2 54.3 36.42 49.1 21.5 50.9 30.93 49.8 30 49.5 32.94 56.8 29.4 37.7 7.4
CENTRAL RESULTS
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C3 C4
Mean S.D. Mean S.DEASY BREAK
1 11.6 9.7 12.1 6.72 9.2 5.8 5.1 3.53 13.2 5.8 4.6 2.44 12.4 9.5 7.4 4.7
HARD BREAK
1 8.5 5.1 5.9 4.72 5.4 3.5 4.1 1.83 7.1 3.9 4.9 2.84 12 7.7 11.1 6.8
EASY KATA
1 11.3 8.7 6.7 4.22 15.6 8.5 6.4 43 7.3 4.6 4.1 2.24 8.8 5.7 4.9 3.8
HARD KATA
1 11.8 7.8 9.7 7.52 13.1 7.3 7 53 15.7 9.2 7.7 5.64 7.5 4.9 5.2 3.1
COGNITIVE TASKS: LEFT
1 18.1 5.7 10.4 6.92 14.4 6.6 13.5 9.83 11.4 8.7 10 4.14 8.5 4.6 10.6 3.1
RIGHT
1 12.3 8.3 8.5 4.22 9.3 4.1 12.4 6.73 11.2 7.7 8.6 6.84 14.2 7.9 11.8 7.8
ROTOR: FIRST RUN
1 6.4 4.4 3.6 1.82 6.3 5.5 3.7 2.13 14.3 6.1 6 4.64 7.8 5.6 3.9 2.2
ROTOR: SECOND RUN
1 4 2.7 3.2 1.82 5.2 3.3 3.4 1.93 5.6 4 2.7 1.74 5.6 3.6 3.3 1.5
PARIETAL RESULTS
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EASY BREAK
Mean
P3
S.D. Mean
P4
S.D.
1 24.2 18 25.8 19.92 16.4 10.2 11.7 5.33 14.1 9.7 10.2 6.84 15.2 9.9 14.5 8.6
HARD BREAK
1 14.6 9.8 14.6 9.82 10.6 3.6 8.6 4.3
3 8.5 3.7 11.4 5.54 20.5 9.4 17.2 8.3
EASY KATA
1 81.7 33.4 61.4 16.82 20.6 7.4 19.9 11.43 11.4 9.8 10.6 5.64 21.3 6.2 16.6 12.3
HARD KATA
1 90.5 36.9 75.8 33.42 16 5.3 16.6 9.93 11.3 5.7 10.9 8.84 11 6 14 9.1
COGNITIVE TASKS: LEFT
1 32.8 18.9 31 17.62 27.8 13.9 38.3 193 24.7 16.3 25.1 10.14 16.4 10.2 18.5 12.9
RIGHT
1 18.2 9.9 12.5 8.32 16.5 8.3 19.5 7.83 16 9.4 15.4 9.34 19.7 11.4 17.4 8.6
ROTOR: FIRST RUN
1 10.5 4.9 7.6 2.62 10.2 5.4 10.2 3.73 13.2 5.4 9 4.94 9.9 5.8 7.7 4.6
ROTOR: SECOND RUN
1 9.4 4.2 8.1 4.12 9.2 4.8 7.4 1.83 10.1 6.1 7.9 5.14 9.6 5.3 7.4 2.7
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APPENDIX F
POST TEST QUESTIONNAIRE
NAME:
In questions 1-5 use this scale
1 2 3 4 5
not at all very much so
or very easy or very hard
1. To what extent did the testing situation
(wires, experimenters etc.) inhibit your___________________________ ________
performance?
2. How hard did you find the lowest jump? ________
3. How hard did you find the middle jump? ________
4. How hard did you find the hard jump?
5. Were your performances on the leg
extensions the best you were capable of?________________________ ________
6. Did you make any deliberate attempt to 
use a ‘cognitive startegy’ or ‘psych up' 
procedure prior to any of the tasks?
If so, please state which tasks and 
briefly describe what you did.
Thank you for your co-operation.
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APPENDIX G
MEANS AND STANDARD DEVIATIONS FROM RAW DATA: STUDY THREE 
TEMPORAL
T3 T4
Mean S.D. Mean S.D.
EASYJUMP
1 5.8 3.0 4 2.3
2 4.8 2.4 4.3 2.8
3 6.1 3.5 5.2 3.3
4 4.8 2.2 5.3 4
MIDDLE JUMP
1 6 3.5 4.5 2.6
2 4.5 2.8 4 2.7
3 5.4 3.5 4.6 3.3
4 3.4 2.1 4.1 2.7
HARD JUMP
1 5.3 1.5 5.2 3
2 4.5 2.1 4.6 2.2
3 4.3 2.1 4.2 2.3
4 5.4 2.2 5.2 3.1
LEG EXTENSION: LEFT
1 5.2 3.2 4.9 3.1
2 4 2.7 4.6 2.5
3 3.9 2.3 3.7 2
4 3.5 1.6 4.3 2.2
RIGHT
1 5.1 3 5.5 2.9
2 4.5 3.1 4.6 3.6
3 3.2 1.8 4.4 2.1
4 3.4 2.2 3.4 1.6
KICKS AT A TARGET:SUCCESSFUL AND UNSUCCESSFUL 
1 2.8 1.6 2 1.2
2 4.3 2.4 4.0 2.4
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MASTOID
Al A2Mean S.D. Mean S.D.
EASYJUMP
1 11.1 7.2 6.7 4.1
2 8.7 5 7.1 4.2
3 11.7 7.4 9.2 6
4 11.5 7.6 10.4 5.5
MIDDLE JUMP
1 11.7 7.7 9.6 5.6
2 12.6 8.2 8.2 5.8
3 11.2 7.8 12.9 9.4
4 11.8 8 8.7 4.9
HARD JUMP
1 12.7 7.8 10 6.1
2 9.7 5.7 9.4 4.2
3 11.3 6.2 7.9 4.5
4 18 6.4 9.2 6
LEG EXTENSION; LEFT
1 6.8 3.7 7.2 3.7
2 9.2 5.8 7.4 4
3 6.5 3.4 6.8 4.8
4 8.5 5.7 8.1 4.7
RIGHT
1 11.3 8.6 10 6.1
2 8.6 6.2 7.6 3.8
3 8.3 5.3 8 4.7
4 9.3 6 8.3 6.4
KICKS AT A TARGET: SUCCESSFUL AND UNSUCCESSFUL
1 11 5.1 4.2 2.7
2 10.6 5.2 5.6 2.6
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CENTRAL
EASY JUMP 
1 2
3
4
Mean
.9
.7
.7
1.1
C3
S.D.
.5
.35
.46.8
Mean
.6.8
.6.6
C4
S.D.
.5
.4
.4
.5
MIDDLE JUMP
1 3.9
2 3.6
3 3.5
4 3.6
1.91.1
2.1
3.5
1.51.11.2
.9
.9
1.0
.9
.5
HARD JUMP
1 3.8
2 3.6
3 3.5
4 3.6
3.3
3.3
3.3 
3.2
1.2
1.0
1.0
1.2
1.1
.6
.7
.6
LEG EXTENSION: LEFT 
1 1.2 1.0 .6
2 .9 .5 1.0
3 .7 .4 1.0
4 .8 .5 .9
RIGHT
12
3
4
1.41.0
.9
.7
1.0
.7
.6
.4
.7
1.4
.7
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PARIETAL
P3 P4Mean S.D. Mean S.D.
EASYJUMP
1 2.8 1.4 2.7 1.5
2 2.7 1.2 2.3 1.1
3 2,8 1.3 2.4 1.5
4 2.9 1.9 3.1 2.1
MIDDLE JUMP
1 2.8 1.4 2.9 1.22 2.6 1.8 2.0 1.0
3 2.5 1.5 2.3 1.3
4 2.3 1.3 1.7 .8
HARD JUMP
1 3.0 1.6 3.0 1.8
2 2.0 1.1 2.6 1.7
3 5.7 4.3 2.0 1.1
4 2.3 2.4 2.8 2.3
LEG EXTENSION: LEFT
1 3.3 2.3 3.0 2.4
2 1.9 1.1 2.6 1.8
3 2.6 1.4 2.5 1.8
4 2.6 1.9 2.5 1.9
RIGHT
1 3.3 2.8 5.5 4.3
2 2.7 2.0 2.5 1.2
3 2.5 1.8 3.0 2.4
4 1.8 1.5 2.3 1.5
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APPENDIX H
Hard Throw Middle Target Wicket
1. 1. 1.
2. 2. 2.
3. 3. 3.
Post-Test Questionnaire
Did you find the testing situation/equipment a hinderence to your 
performance?
Did you consciously use any mental strategy in preparation for the tasks?
Was your performance on the tasks as good as you would expect? If not, why 
not?
Thank you for your co-operation.
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APPENDIX I
MEANS AND STANDARD DEVIATIONS FROM RAW DATA:STUDY 4 
(N.B. Figures as per graphs i.e. based on mean scores of three trials)
TEMPORAL
T3
HARD THROW 1 2 3
CRICKETERS 5.4 5.7 5.1
SPORTSMEN 7.2 8.7 14.3
NON-SPORTSMEN 3.6 3.6 7.0
MIDDLE THROW
CRICKETERS 7.9 9.7 6.1
SPORTSMEN 9.8 7.4 4.7
NON-SPORTSMEN 6.1 4.3 5.5
WICKET THROW
CRICKETERS 4.3 4.5 8.2
SPORTSMEN 7.3 7.8 13.3
NON-SPORTSMEN 4.5 2.8 12.3
1
T4
2 3
4.1 4.3 9.9
8.2 7.3 20
4.7 4.2 12.4
7.8 5.2 6.4
6.7 7.8 15.3
6.7 5.6 6.8
6.5 5.7 6.4
7.4 7.0 10.9
4.4 4.9 5.1
RESULTS ANALYSIS
MIDDLE: SUCCESS 
1 2 
3
Mean
7.0
3.4
19.1
T3
S.D.
4.5
2.5 
11.7
Mean
5.0
4.0
9.4
T4
S.D.
3.2
2.3 
5.8
MIDDLE: FAILURE
1 3.7
2 4.6
3 7.8
2.3
2.9
5.5
3.2
7.3
8.4
2.1
3.8
4.6
WICKET: SUCCESS
1 3.7
2 3.0
3 9.0
2.6
1.2
6.2
4.1
5.6
7.6
2.5
2.4
4.5
WICKET FAILURE
1 6.9
2 5.0
3 1.9
3.8
3.1
.9
4.5
5.9
2.3
2.0
4.4
1.3
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MASTOID
RESULTS ANALYSIS A1 A2Mean S.D. Mean S.D.
MIDDLE: SUCCESS
1 3.5 1.2 3.9 2.3
2 3.4 1.8 5.0 2.7
3 9.0 5.4 3.6 2.1
MIDDLE: FAILURE
1 2.9 1.6 2.9 1.8
2 2.5 1.9 6.7 4.6
3 4.3 2.5 4.7 3.3
WICKET: SUCCESS
1 2.8 1.0 4.0 2.5
2 2.2 1.1 5.1 3.3
3 5.5 2.9 9.6 5.0
WICKET FAILURE
1 3.4 .6 7.1 3.9
2 4.5 2.7 7.1 4.2
3 3.9 2.9 7.6 6.5
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CENTRAL
C3 C41 2  3 1 2  3
HARD THROW
CRICKETERS 6.5 7.3 7.8 4.7 4.2 4.7
SPORTSMEN 8.9 6.5 4.8 7.8 7.6 10.8
NON-SPORTSMEN 4.0 4.6 3.7 4.6 3.9 10.2
MIDDLE THROW
CRICKETERS 6.4 5.1 9.3 6.4 6.6 8.2
SPORTSMEN 10.3 6.6 5.0 7.4 7.5 13.7
NON-SPORTSMEN 6.1 4.2 4.6 4.4 4.4 8.7
WICKET THROW
CRICKETERS 4.6 3.7 7.8 6.4 4.7 6.2
SPORTSMEN 5.7 4.9 10.5 6.4 7.0 5.9
NON-SPORTSMEN 5.0 2.8 6.3 4.6 4.4 3.9
RESULTS ANALYSIS
C3 C4
Mean S.D. Mean S.D.
MIDDLE: SUCCESS
1 3.2 2.2 3.4 2.4
2 6.5 3.7 4.8 3.7
3 5.9 2.9 10.1 8.2
MIDDLE: FAILURE
1 3.7 1.6 4.8 2.5
2 5.0 3.2 6.7 3.2
3 5.7 .2 12,6 7.9
WICKET: SUCCESS
1 3.9 1.6 3.7 2.7
2 3.0 1.2 6.2 3.5
3 6.4 3.1 7.3 4.2
WICKET FAILURE
1 4.5 2.8 3.3 2.6
2 3.1 2.2 4.5 2.1
3 2.1 .8 2.6 1.7
149
PARIETAL
P3 P4
1 2 3 1 2 3
HARD THROW
CRICKETERS 5.9 4.9 4.4 5.7 4.9 7.1
SPORTSMEN 8.5 5.7 14.8 8.8 7.2 5.5
NON-SPORTSMEN 4.4 4.8 5.4 4.7 4.7 8.2
MIDDLE THROW
CRICKETERS 6.7 5.2 6.7 6.0 6.3 7.0
SPORTSMEN 7.9 5.8 13.2 6.3 9.9 13.3
NON-SPORTSMEN 5.9 4.0 5.4 5.9 5.6 8.6
WICKET THROW
CRICKETERS 5.4 5.7 7.4 7.4 5.8 6.0
SPORTSMEN 7.6 5.2 10.1 8.1 6.5 6.0
NON-SPORTSMEN 4.3 4.1 6.8 4.6 4.2 5.9
RESULTS ANALYSIS
P3 P4
Mean S.D. Mean S.D.
MIDDLE: SUCCESS
1 2.1 1.2 5.5 3.8
2 2.7 1.8 4.5 2.3
3 5.8 2.9 5.0 2.7
MIDDLE: FAILURE
1 5.9 4.3 2.9 1.2
2 2.2 1.7 5.1 3.3
3 3.3 2.6 3.5 1.9
WICKET: SUCCESS
1 3.1 1.2 3.0 2.0
2 4.6 3.1 4.5 2.4
3 3.1 2.3 8.4 3.8
WICKET FAILURE
1 4.1 1.6 5.7 1,5
2 2.1 1.4 10.6 5.4
5.0 3.0 4.6 2.9
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APPENDIX J
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